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PREFACE 


The various areas where loop theory originated and through which it moved during the 
early part of its 70 years of history can be mapped and fitted not only in a geographical and a 
chronological sense but also conceptually. Loop theory is of course a relatively young subject 
which continues to grow day by day. To give an example, when somebody asks. ‘What is 
a loop?’, the simplest way to explain is to say, ‘it is a group without associativity’. This is 
true, but it is not the whole truth. It is essential to emphasize that loop theory is not just a 
generalization of group theory but a discipline of its own, originating from and still moving 
within four basic research areas ; algebra, geometry, topology and combinatorics. Tremen- 
dous contributions to the theory of loops can be traced mainly back to Europe at large and 
America. Asia and Africa are the only two continents that seem left out of the history of loop 
theory. But in 2002, the Asian axis surfaced in the history of loop theory when W. B. Vas- 
antha Kandasamy, an Indian female Algebraist initiated the study of Smarandache loops(i.e. 
loops with at least a non-trivial subgroup) in her book titled ”Smarandache Loops” and her 
paper titled ”Smarandache Loops” published by various publishing houses. She has also 
published some books and research articles on related subjects like Smarandache Groupoids, 
Smarandache Semigroups, Smarandache Semirings, Smarandache Semifields, Smarandache 
Semivector Spaces, Smarandache Linear Algebra, Smarandache Bialgebraic Structures and 
Smarandache N-Algebraic Structures as a sole author and co-authored with the prolific and 
dynamic scientist, Florentin Smarandache. 

In 2004, when I was at the University of Agriculture Abeokuta(UNAAB), in Nigeria for 
my Masters Degree in Mathematics(I actually started studying quasigroups and loop theory 
then) under the supervision of Dr. J. O. Adeniran, Prof. A. R. T. Solarin informed us that a 
student of his in Tanzania was working on a new class of loop called Smarandache loop. We 


were able to lay our hands on the book and paper of Vasantha Kandasamy on Smarandache 


ill 


loops and at that point caught a vision for this class of loop. I believed it can be turned 
into a theory of its own just like quasigroup and loop theory has. The first part of the vision 
was to introduce some new Smarandache notions in quasigroups and loops which are entirely 
different from the over 75 Smarandache concepts on loops. The second part of the vision later 
on came in 2006 when I was at Obafemi Awolowo University(OAU), in Nigeria. Students 
were on rampage and the university was closed down. I later on got the information that the 
violent acts were actually perpetrated by some set of students including the executives of the 
students’ union. The situation can be algebraically modelled as a set(the set of all students 
in OAU) with a non-trivial subset(the set of unscrupulous elements that were the master 
minders of the violent acts) such that the set with a binary operation is expected to obey 
some set of axioms(the regulation of the OAU authority) but which the elements(students) 
in the subset do not obey at all or do obey but at the same time perpetrate some other 
acts(axioms or laws or equations) that are not in the OAU university regulations. To me, 
this exactly fits into the definition of a Smarandache structure on a set according to Raul 
Padilla of 1998. This is consider as ” The study of both the good and the bad”. In the past, 


a model either studies and investigate a bad situation and circumstance or a good situation. 


This book is a compilation of results on some new Smarandache concepts in Smaran- 
dache; groupoids, quasigroups and loops which I have so far published in the ” Scientia 
Magna Journal” and the International Journal of Mathematical Combinatorics” both in 
China, and pin points the inter-relationships and connections between and among the vari- 
ous Smarandache concepts and notions that have been developed. It is more of a monograph. 
A pre-requisite to the readability of this monograph is a basic knowledge of the theory of 
quasigroups and loops. Any graduate student or researcher who has a good understanding 
of the some popular books in the theory of quasigroups and loops like ”R. H. Bruck, A 
Survey of Binary Systems, Springer Verlag, 1958”, ”Orin Chein, H. O. Pflugfelder and J. 


D. H. Smith, Quasigroups and Loops: Theory and Applications, Heldermann Verlag, 1990”, 
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”H. O. Pflugfelder, Quasigroups and Loops: Introduction, Heldermann Verlag, 1990” will be 
able to comprehend the content of this monograph. 

This monograph is structured into six chapters. The first chapter is an introduction 
to the theory quasigroups and loops with much attention paid to those quasigroup and 
loop concepts whose Smarandache versions are to be studied in the other chapters. In 
chapter two, the holomorphic structures of Smarandache loops of Bol-Moufang type and 
Smarandache loops of non-Bol-Moufang type are studied. The holomorphic structure of 
Smarandache cross inverse property quasigroups is found useful and applicable for double 
cryptography and this demonstrated with what is called the Smarandache Keedwell cross 
inverse property quasigroup. In the third chapter, the notion of parastrophy is introduced 
into Smarandache quasigroups and studied. Chapter four studies the universality of some 
Smarandache loops of Bol-Moufang type. In chapter five, the notion of Smarandache iso- 
topism is introduced and studied in Smarandache quasigroups and loops and the cardinality 
of the Smarandache isomorphism classes of some Smarandache loops of small orders are 
investigated. By introducing Smarandache special mappings in Smarandache groupoids, the 
Smarandache Bryant-Schneider group of a Smaranache loop is developed and studied via the 
notion of Smarandache isotopism of chapter five. Some cardinality formulas are also gotten 
for the Smarandache Bryant-Schneider group of a Smarandache loop. 

I so much appreciate the words of encouragement of Dr. Minh Perez of the American 
Research Press, U.S.A. and the Editor in Chief of the Smarandache Notions Journal during 
the years of the development of most of the results that are proved in this monograph. He 
has been a wonderful friend of mine who took great interest in my academic career and 


challenged me to put these results together. I appreciate you for this. 
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Chapter 1 


THEORY OF QUASIGROUPS AND 
LOOPS 


1.1 Groupoids, Quasigroups And Loops 


Let G be a non-empty set. Define a binary operation (-) on G. 
If x-y €G for all x,y € G, then the pair (G,-) is called a groupoid or Magma. 


If the system of equations: 
he iA) and Y=) 


have unique solutions in G for x and y respectively, then (G,-) is called a quasigroup. 
A quasigroup is therefore an algebra having a binary multiplication x - y usually written 


xy which satisfies the conditions that for any a,b in the quasigroup the equations 


have unique solutions for x and y lying in the quasigroup. 
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If there exists a unique element e € G called the identity element such that for all x € G, 
r-e=e-x=2, (G,-) is called a loop. 
Let x be a fixed element in a groupoid (G,-). The so called left and right translation 


maps of G, L, and R, respectively can be defined by 
0 a and ig = ape as 


It can now be seen that a groupoid (G,-) is a quasigroup if its left and right translation 


mappings are bijections or permutations. 


Definition 1.1.1 A set II of permutations on a set G is the representation of a loop (G,-) 
if and only if 


(i) J € Il (identity mapping), 
(ii) Il is transitive on G(i.e for all x,y € G, there exists a unique x € II such that xm = y), 
(iii) if a, 3 € Il and aB' fires one element of G, then a = 8. 


The left and right representation of a loop G is denoted by 
I1)(G,-) = I,\(G) and II,(G,-) = I,(G) respectively 


Since the left and right translation mappings of a loop are bijective, then the inverse mappings 


L;' and R;' exist. Let 
z\y = yL;" and C= co 


and note that 


Y= 2S G2 = and thyH 2 SS ey = 


Hence, (G, \) and (G, /) are also quasigroups. Using the operations (\) and (/), the definition 


of a loop can be stated as follows. 


Definition 1.1.2 A loop (G,-,/,\,e) is a set G together with three binary operations (-), 


(/), (\) and one nullary operation e such that 
(i) e-(a\y) =y, Y/t)-@=y for allay €G, 
(ii) «\(a@-y) =y, (y-2)/a =y for allz,y © G and 


(iii) z\z =y/y ore-x=2z andz-e=2 forallz,yeG. 


It must be stipulated that (/) and (\) have higher priority than (-) among factors to be 


multiplied. For instance, x-y/z and x - y\z stand for x(y/z) and x - (y\z) respectively. 


The basic text books on quasigroup, loops are Pflugfelder [72], Bruck [21], Chein, 
Pflugfelder and Smith [25], Dene and Keedwell [29], Goodaire, Jespers and Milies [37] and 
Vasantha Kandasamy [86]. 


1.1.1 Some Important Subloops Of Loops 


Let (L,-) be a loop. 


The left nucleus of L denoted by 


N\(L,-:)={aeLiar-y=a-ryV 2,y € Lh. 


The right nucleus of L denoted by 


N,(L,:)={aeL:y-ca=yr-aV zy € Lh. 


3 


The middle nucleus of L denoted by 


Nit h, VE 4Oe D2 yore Sy enV cay|e Ly. 


The nucleus of L denoted by 


NES SNE SAND ANS. 


The centrum of L denoted by 


C(L,-)={aeL:ar=2zaVee L}. 


The center of L denoted by 


Let a,b and c be three elements of a loop L. The loop commutator of a and 6b is the 


unique element (a,b) of L which satisfies 


ab = (ba)(a, b) 


and the loop associator of a,b and c is the unique element (a,b,c) of LZ which satisfies 


(ab)c = {a(bc) }(a, b,c). 


If X,Y, and Z are subsets of a loop L, we denote by (X,Y) and (X,Y, Z), respectively, 


the set of all commutators of the form (x,y) and all the associators of the form (2, y, z), 


where 1 € X,yEY,z€ Z. 


The symmetric group of (L,-) denoted by 
SYM(L,:)={U:L—L | U is a permutation or a bijection}. 


The set 
Multy(L, -) = cee, :a2e L}) 


is called the left multiplication group of (L,-). Mult,(L,-) < SY M(L,-). The set 
Mult,(L,-) = (Rais :a@e L}) 
is called the right multiplication group of (L,-). Mult,(L,-) < SY M(L,-). The set 
Mult(L,-) = Ceca ne Eno : a2 L}) 


is called the multiplication group of (L,-). Mult(Z,-) < SY M(Z,-). 


1.1.2 Inner Mappings Of A Loop 


If ev = e in a loop G such that a € Mult(G), then a is called an inner mapping and 
they form a group Inn(G) called the inner mapping group. The right, left and middle inner 
mappings 


Raa) = hak Lang) Lgliglas and: P(e): hb 


zy? 


respectively form the left inner mapping group Inn)(G), right inner mapping group 


Inn,(G) and the middle inner mapping Inn,,(G). If 


Inn\(G) < AUM(G), Inn,(G) < AUM(G), Inn,(G) < AUM(G) and Inn(G) < AUM(G), 
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where AUM(G) denotes the automorphism group of G, then G is called a left A-loop(A)- 
loop), right A-loop(A,-loop), middle A-loop(A,,-loop) and A-loop respectively. The defini- 


tions above are in accordance with those in [36]. 


1.1.3 Basic Quasigroups And Loops Properties 


For associative binary systems, the concept of an inverse element is only meaningful if the 
system has an identity element. For example, in a group (G,-) with identity element e € G, 


if x € G then the inverse element for x is the element x~! € G such that 


In a loop (G,-) with identity element e, the left inverse element of « € G is the element 


x € G such that 


while the right inverse element of « € G is the element x? € G such that 


x-xv? =e 


In case (G,-) is a quasigroup, then (G,-) is called a left inverse property quasigroup(LIPQ) 


if it has the left inverse property(LIP) i.e if there exists a bijection 


Jy : ++ a onG such that 2*- cy = y. 


Similarly, (G, -) is called a right inverse property quasigroup(RIPQ) if it has the right inverse 


property(RIP) i.e if there exists a bijection 


Jy. ee a-on G such that yee" y. 
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A quasigroup that is both a LIPQ and a RIPQ is said to have the inverse property(IP) hence 
called an inverse property quasigroup(IPQ). 

The same definitions hold for a loop and such a loop is called a left inverse property 
loop(LIPL), right inverse property loop(RIPL) and inverse property loop(IPL) accordingly. 
J, and J, are respectively called the left and right inverse maps. If J, = J,, then we simply 

1 x 


write J = J, = J, and as well we write x" = x* = 2°. 


Throughout, we shall employ the use of the bijections; 
Tie CAR! a. cHen2, Lz : yeayand R; : yryt 
for a loop and the bijections; 
dt roa, I: are, Ls yoauyand RL: yrye 


for its loop isotope. If the identity element of a loop is e then that of the isotope shall be 


denoted by e’. 


There are some classes of loops which do not have the inverse property but have properties 
which can be considered as variations of the inverse property. 
A loop (G,-) is called a weak inverse property loop(WIPL) if and only if it obeys the 
identity 


aly)’ =y? or (ay)\r = y* (1.1) 


for all x,y € G. 
A loop (G,-) is called a cross inverse property loop(CIPL) if and only if it obeys the 


identity 


ry-2? =y or r-yx?=y or 2 -(yr)=y or xy-x=y (1.2) 


for all x,y, € G. 
A loop (G,-) is called an automorphic inverse property loop(AIPL) if and only if it obeys 
the identity 


(vary oF Wey a2y (1.3) 


for all x,y, € G. 
A loop (G,-) is called an anti-automorphic inverse property loop(or AAIPL) if and only 
if it obeys the identity 


Gy ytayea. or “ayaa (1.4) 


for all x,y, € G. 
A loop (G,-) is called a semi-automorphic inverse property loop(SAIPL) if and only if it 


obeys the identity 


(ay eye Sal ya? or (cy +2) = a*y*- 2% (5) 


for all x,y, € G. 


In the quest for the application of CIPQs with long inverse cycles to cryptography, Keed- 
well [51] constructed the following CIPQ which we shall specifically call Keedwell CIPQ. 


Theorem 1.1.1 (Keedwell CIPQ) 
Let (G,-) be an abelian group of order n such that n+ 1 is composite. Define a binary 
operation ’o’ on the elements of G by the relation aob = a’b*, where rs =n+1. Then (G,°) 


is a CIPQ and the right crossed inverse of the element a is a“, where u = (—r)?. 


The author also gave examples and detailed explanation and procedures of the use of this 
CIPQ for cryptography. We shall later introduce the Smarandache Keedwell CIPQ and 


demonstrate its application to double cryptography. 


Quasigroup and loops are known to lack associativity. But some quasigroups and loops 
obey identities that are called weak-associative laws. Among such identities is the inverse 
property. Other weak-associative laws shall be introduced under quasigroup and loop vari- 
eties and identities. 

A quasigroup (G,-) is called a left alternative property quasigroup(LAPQ) if the left 
alternative property(LAP), 


LYS LA TY 


holds for all x,y € G. 
A quasigroup (G,-) is called a right alternative property quasigroup(RAPQ) if the right 
alternative property(RAP), 


PSI See e 


holds for all x,y € G. 
A quasigroup (G,-) is called an alternative property quasigroup(APQ) if the alternative 
property(AP) i.e both the LAP and RAP hold. 


The same definitions hold for a loop and such a loop is called a left alternative property 
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Commutativity 
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Commutativity 


AIP 


ap LIP / 


AAIP SAIP 


Figure 1.1: Varieties of Inverse Property Loops 
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loop(LAPL), right alternative property loop(RAPL) and alternative property loop(APL) 
accordingly. 


A loop (G,-) is called a flexible or elastic loop if the flexiblity or elasticity property 
Liye LUE 


holds for all z,y € G.  (G,-) is said to be a power associative loop if < x > is a subgroup 


for all x € G and a diassociative loop if < x,y > is a subgroup for all x,y € G. 


1.2 Varieties of Quasigroups And Loops 
The varieties of quasigroups and loops can be categorized mainly into two. 


(a) Quasigroups and loops of Bol-Moufang type; these are variety of quasigroups and loops 
defined by a single identity that 
(i) involves three distinct variables on both sides, 
(ii) contains variables in the same order on both sides 
(iii) exactly one of the variables appears twice on both sides. 
(b) Quasigroups and loops that are not of Bol-Moufang type; these are variety of quasi- 


groups and loops defined by a single identity or more but which are not of Bol-Moufang 


type. 


1.2.1 Quasigroups And Loops Of Bol-Moufang Types 


Fenyves [34] and [33] in the 1960s was the first to classify loops of Bol-Moufang type by 


showing that there are sixty of them among which thirty are equivalent to the associativity 
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law. In the beginning of this 21** century, Phillips and Vojtéchovsky [73] and [74] gener- 
alised and completed the study of Fenyves by showing that there are sixteen varieties of 
quasigroups and fourteen varieties of loops of Bol-Moufang type. The identities describing 
the most popular quasigroups and loops of Bol-Moufang are highlighted below. For some 
particular varieties, the identity or identities named after them are equivalent to each other 


in quasigroups or in loops or in both quasigroups and loops. 


(Ye 22a ez) central identity (1.6) 
(cy-z)xu = a2(y- 22) extra identity (1.7) 

LY LZ = ayn) extra identity (1.8) 

Ti ree eel eae extra identity (1.9) 

BE a = (e22y)2 left central identity (1.10) 
(e+ #y)\2— ee 92) left central identity (1d) 
age) 2 = ala yz) left central identity eile) 
(y-xx)z = y(x-2z) left central identity (1.13) 
yore = y(2e*s) right central identity (1.14) 
zen) a= Hen +x) right central identity (1.15) 
(yz-ax)x = y(z- xz) right central identity (1.16) 
(yaa )e = yer 2) right central identity (1.17) 
ey? 20 = (a+ y2)a Moufang identity (1.18) 
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(ya - 


20 = 0(y2 > Zz) 


Moufang identity 


Moufang identity 


Moufang identity 


left Bol identity 


right Bol identity 


(1.19) 
(1.20) 
(1.21) 
(1.22) 


(1.23) 


So if a quasigroup or loop obeys any of the identities above say identity ’I’, then it is 


called a ’I-quasigroup’ or ’I-loop’ accordingly. 
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A loop Q is called a conjugacy closed loop (CC-loop) if and only if the identities 
eye = (ay) (ose and 2y +e = 2a + 0\ (Yr) 


hold in Q. 


1.3. Universality Of Loops 


Consider (G,-) and (H,o) been two distinct groupoids(quasigroups, loops). Let A,B and 
C be three bijective mappings, that map G onto H. The triple a = (A, B,C) is called an 


isotopism of (G,-) onto (H,o) if and only if 
tAcocyB=(x-y)CV 2, yeG. 


So, (H, 0) is called a groupoid(quasigroup, loop) isotope of (G,-). 


Similarly, the triple 


is an isotopism from (H, °) onto (G,-) so that (G, -) is also called a groupoid(quasigroup, loop) 
isotope of (H,o). Hence, both are said to be isotopic to each other. 

If one of two isotopic groupoids is a quasigroup, then both are quasigroups, but the same 
statement is not true if two quasigroups are isotopic and one is a loop. This fact makes it 
possible and reasonable to study and consider quasigroups as isotopes of groups. 

If C = I, the identity map on G so that H = G, then the triple a = (A, B,/) is called 


a principal isotopism of (G,-) onto (G,o) and (G,°) is called a principal isotope of (G,-). 
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Moufang loops 
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Figure 1.2: Varieties of Loops of Bol-Moufang type 
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Eventually, the equation of relationship now becomes 
z-y=rAoyBV2z,yEeEG 


which is easier to work with. But taken A = R, and B = Ly for some f,g € G, the 
relationship now becomes 


e-y=2R,oylsV¥2,yeEG 


or 


coy=aR7)-yLe' Vay eG. 


With this new form, the triple a = (R,, Ly, 1) is called an f, g-principal isotopism of (G, -) 
onto (G,o), f and g are called translation elements of G or at times written in the pair form 
(g, f), while (G,o) is called an f, g-principal isotope of (G,-). 

The last form of a above gave rise to an important result in the study of loop isotopes 


of loops. 


Theorem 1.3.1 (Bruck [21/) 
Let (G,-) and (H,0°) be two distinct isotopic loops. For some f,g € G, there exists an 
f, g-principal isotope (G,*) of (G,-) such that (H,0) = (G, x). 


With this result, to investigate the isotopic invariance of an isomorphic invariant property 
in loops, one simply needs only to check if the property in consideration is true in all f, g- 
principal isotopes of the loop. A property is isotopic invariant if whenever it holds in the 
domain loop i.e (G,-) then it must hold in the co-domain loop i.e (H,0) which is an isotope 
of the former. In such a situation, the property in consideration is said to be a universal 
property hence the loop is called a universal loop relative to the property in consideration 
as often used by Nagy and Strambach [69] in their algebraic and geometric study of the 


universality of some types of loops. For instance, if every isotope of ”certain” loop is a 
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*certain” loop, then the formal is called a universal ” certain” loop. So, we can now restate 


Theorem 1.3.1 as: 


Theorem 1.3.2 Let (G,-) be a “certain” loop where ”certain” is an isomorphic invariant 
property. (G,-) is a universal ’certain” loop if and only if every f, g-principal isotope (G, *) 


of (G,-) has the ’certain” loop property. 


The procedure that has been described so far is called isotopy-isomorphy of loops. It 
has been used to study the universality of Bol-Moufang type loops such as Bol loops and 
Moufang loops in [72] which are indeed universal. This approach was difficult for the study 
of the universality of central loops in Jatyéold [45], so it resulted into the use of left and 
right translations combined with autotopic characterization and these gave success although 
not all central loops were found to be universal. We shall later on prove the Smarandache 


versions of Theorem 1.3.1 and Theorem 1.3.2 for Smarandache loops. 


1.3.1 Universality Of Bol-Moufang Type Loops 


The isotopic invariance of types and varieties of quasigroups and loops described by one or 
more equivalent identities, especially those that fall in the class of Bol-Moufang type loops as 
first named by Fenyves [34] and [33] in the 1960s and later on in this 21** century by Phillips 
and Vojtéchovsky [73], |74] and [64] have been of interest to researchers in loop theory in the 
recent past. Among such is Etta Falconer’s Ph.D [31] and her paper [32] which investigated 
isotopy invariants in quasigroups. Loops such as Bol loops, Moufang loops, central loops 
and extra loops are the most popular loops of Bol-Moufang type whose isotopic invariance 


have been considered. 


Ly 


1.4 Autotopisms Of A Loop 


From the earlier discussions, if (H,o) = (G,-) then the triple a = (A, B,C) is called an 
autotopism where A,B,C € SY M(G,-). Such triples form a group AUT(G,-) called the 
autotopism group of (G,-). If A= B =C then A is an automorphism and the group such 
bijections form is called the automorphism group AU M(G,-) of (G,-). Chiboka and Solarin 


[27] solved an open problem by characterizing G-loops by autotopisms. If 
(UL,,U,UL,.) € AUT(G,-) for some c € G, 

then U is called a left pseudo-automorphism of G with companion c. However, if 
(V,VR.,VR.) € AUT(G,-) for some c € G, 


then V is called a right pseudo-automorphism of G with companion c. Such Us and Vs form 
groups called the left pseudo-automorphism group P.S)(G, -) and right pseudo-automorphism 


group PS,(G,-) respectively. 


1.5 G-Loops 


G-loops are loops that are isomorphic to all their loop isotopes, hence if they have a ” certain” 
isomorphic invariant property, they will be universal relative to that property. This is the 
case of extra loops, they are Moufang loops and conjugacy closed loops(CC-loops introduced 
by Goodaire and Robinson [38] and [39]), the reverse is also true as well, hence since CC- 
loops are G-loops, extra loops are G-loops so they are universal Moufang loops since they 


are Moufang loops and Moufang loops are universal. 


Theorem 1.5.1 (Chiboka and Solarin [27], Kunen [61]) 
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Let (G,-) be a loop. G is a G-loop if and only if there exists 0 € SY M(G,-) such that 


(OR,',0L,',0) € AUT(G,-) Va,yEG. 


1.5.1 Special Mappings Of A Loop 


Definition 1.5.1 (Robinson [77]) 
Let (G,-) be a loop. A mapping 0 € SY M(G,-) is a special map for G means that there 
exist f,g € G so that 
(OR, *,0L;",0) € AUT(G,:). 


From Definition 1.5.1, it can be observed that @ is a special map for a loop (G,-) if and 


only if 6 is an isomorphism of (G,-) onto some f, g-principal isotope (G, 0) of (G,-). This is 


clearly seen because ; 
(OR, *,OL;",0) = (0,0,0)(R,°, L;', 1) € AUT(G,.). 


But since 


(Reheat) : (G: ) < (Gia); 


then for 
(OR, *,0L;",0) € AUT(G,:), 


we must have 


(0,0,0) : (G,-) = (G,°o) 


6 

which means (G,-) = (G, 9). 
The importance of special maps can clearly be seen, for their existence is another form 
of isotopy-isomorphy property for loops. The autotopism in Definition 1.5.1 looks exactly 


like that in Theorem 1.5.1. We shall be discussing about Smarandache special maps later. 
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1.6 Bryant-Schneider Group Of A Loop 


Robinson [77] went further to show that if 


BS(G,-)={@€ SYM(G) : Jf,g€G > (OR;",6L;",8) € AUT(G,-)} 


i.e the set of all special maps in a loop, then BS(G,-) < SY M(G) called the Bryant- 
Schneider group of the loop (G,-) because its importance and motivation stem from the 
work of Bryant and Schneider [23]. In fact, he established that if (G,o) is an f, g-principal 
isotope of (G,-), then BS(G,-) = BS(G,o). Actually, as shown in Bruck [72], for a loop 
(G, -) with left multiplication group Mult,(G;, -), right multiplication group Mult,(G, -) and 


multiplication group Mult(G,-), if a loop (H, 0) is an isotope of (G,-), then 


Mult, (G,-) = Mult,(H,°0), Mult,(G,-) = Mult,(H, 0) and Mult(G,-) = Mult(Z, o). 
But if H =G and the isotopism is an f, g-principal isotopism, then 
Mult (G,-) = Mult,(H, 0), Mult,(G,-) = Mult,(H, 0) and Mult(G,-) = Mult(H, 0°). 


We call 
Mult,(G,-) = ({Re,Le -2e G}) 


the middle multiplication group. Since the advent of the Bryant-Schneider group, some 
studies by Adeniran [2, 6, 3, 4, 5} and Chiboka [28] have been done on it relative to CC- 
loops, Bol loops and extra loops. We shall later on introduce Smarandache Bryant-Schneider 


group and carry out a study on it for Smarandache loops. 
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1.7 Smarandache Quasigroups And Loops 


The study of Smarandache loops was initiated by W.B. Vasantha Kandasamy in 2002. In 
her book [86], she defined a Smarandache loop (S-loop) as a loop with at least a subloop 
which forms a subgroup under the binary operation of the loop. In her book, she introduced 
over 75 Smarandache concepts on loops. In her first paper [87], she introduced Smarandache 
: left(right) alternative loops, Bol loops, Moufang loops and Bruck loops. But in our study 
here, Smarandache : inverse property loops (IPL), weak inverse property loops (WIPL), G- 
loops, conjugacy closed loops (CC-loop), central loops, extra loops, A-loops, K-loops, Bruck 
loops, Kikkawa loops, Burn loops and homogeneous loops will be introduced and studied 
relative to the holomorphs of loops. 

We shall also the study new concepts in Smarandache quasigroups after their introduction 
in Muktibodh [67] and [68). 

For this study: a K-loop is an A-loop with the AIP, a Bruck loop is a Bol loop with the 
AIP, a Burn loop is Bol loop with the conjugacy closed property, an homogeneous loop is 
an A-loop with the IP and a Kikkawa loop is an A-loop with the IP and AIP. 

If there exists at least a non-empty and non-trivial subset M of a groupoid(quasigroup 
or semigroup or loop) L such that (M,-) is a non-trivial subsemigroup(subgroup 
or subgroup or subgroup) of (Z,-), then ZL is called a Smarandache:  groupoid(S- 
groupoid) (quasigroup(S-quasigroup) or semigroup(S-semigroup) or loop(S-loop) with 
Smarandache: subsemigroup(S-subsemigroup) (subgroup($-subgroup) or subgroup(S- 
subgroup) or subgroup ($-subgroup) ) M. 

A quasigroup(loop) is called a Smarandache ” certain” quasigroup(loop) if it has at least 
a non-trivial subquasigroup(subloop) with the ”certain” property and the latter is referred 
to as the Smarandache ” certain” subquasigroup(subloop). For example, a loop is called a 
Smarandache Bol-loop if it has at least a non-trivial subloop that is a Bol-loop and the 


latter is referred to as the Smarandache Bol-subloop. By an ” initial S-quasigroup” L with 


ZI 


an “initial S-subquasigroup” L’, we mean L and L’ are pure quasigroups, i.e. they do not 


obey a ”certain” property(not of any variety). 


Definition 1.7.1 A loop is called a Smarandache left inverse property loop (SLIPL) if it 
has at least a non-trivial subloop with the LIP. 

A loop is called a Smarandache right inverse property loop (SRIPL) if it has at least a 
non-trivial subloop with the RIP. 

A loop is called a Smarandache inverse property loop (SIPL) if it has at least a non-trivial 
subloop with the IP. 

A loop is called a Smarandache right Bol-loop (SRBL) if it has at least a non-trivial 
subloop that is a right Bol(RB)-loop. 

A loop is called a Smarandache left Bol-loop (SLBL) if it has at least a non-trivial subloop 
that is a left Bol(LB)-loop. 

A loop is called a Smarandache weak inverse property loop (SWIPL) if it has at least a 
non-trivial subloop with the WIP. 

A loop is called a Smarandache G-loop (SG-loop) if it has at least a non-trivial subloop 
that is a G-loop. 

A loop is called a Smarandache CC-loop (SCCL) if it has at least a non-trivial subloop 
that 1s a CC-loop. 

A loop is called a Smarandache Bol-loop (SBL) if it has at least a non-trivial subloop that 
is a Bol-loop. 

A loop is called a Smarandache central-loop (SCL) if it has at least a non-trivial subloop 
that 1s a central-loop. 

A loop is called a Smarandache extra-loop (SEL) if it has at least a non-trivial subloop 
that 1s a extra-loop. 

A loop is called a Smarandache A-loop (SAL) if it has at least a non-trivial subloop that 


is a A-loop. 
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A loop is called a Smarandache K-loop (SKL) if it has at least a non-trivial subloop that 
is a K-loop. 

A loop is called a Smarandache Moufang-loop (SML) if it has at least a non-trivial subloop 
that is a Moufang-loop. 

A loop is called a Smarandache Bruck-loop (SBRL) if it has at least a non-trivial subloop 
that 1s a Bruck-loop. 

A loop is called a Smarandache Kikkawa-loop (SKWL) if it has at least a non-trivial 
subloop that is a Kikkawa-loop. 

A loop is called a Smarandache Burn-loop (SBNL) if it has at least a non-trivial subloop 
that is a Burn-loop. 

A loop is called a Smarandache homogeneous-loop (SHL) if it has at least a non-trivial 


subloop that is a homogeneous-loop. 
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Chapter 2 


HOLOMORPHY OF 
SMARANDACHE QUASIGROUPS 
AND LOOPS 


2.1 Holomorph And Smarandache Holomorph 


To every loop (L,-) with automorphism group AU M(L,-), there corresponds another loop. 
Let the set H = (L,-) x AUM(L,-). If we define ’o’ on H such that 


(a,x) 0 (G,y) = (a8, 2G - y) for all (a,x), (G,y) € A, 


then H(L,-) = (H,°) is a loop as shown in Bruck [19] and is called the Holomorph of (JZ, -). 


Let (Z,-) be an S-quasigroup(S-loop) with S-subgroup (L’,-). Define a Smarandache 


automorphism of L to be the elements of the set 


SAUM(L) = SAUM(L,-) = {a € AUM(L) : a: L' 3 L’}. 
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It is easy to see that SAUM(L) < AUM(L). So, SAUM(L) will be called the Smarandache 
automorphism group(SAG) of L. SAUM(L) was called the group of Smarandache loop 
automorphisms on L’ in [86]. Now, set Hs = (L,-) x SAUM(L,-). If we define ’o’ on Hg 


such that 


(a,x) 0 (G,y) = (a8, x6 - y) for all (a,x), (8,y) € Hs, 


then Hs(L,-) = (Hs,0) is a S-quasigroup(S-loop) with S-subgroup (H’,o) where H’ = 
L' x SAUM(ZL) and thus will be called the Smarandache Holomorph(SH or S-holomorph) of 
(L,-). If L is a S-groupoid with a S-subsemigroup H, then the set SSY M(L,-) = SSY M(L) 
of all bijections A in L such that A : H — AH forms a group called the Smarandache 


permutation(symmetric) group of the S-groupoid. In fact, SSY M(L) < SY M(L). 


If in L, 


xz '-aa € N(L) or za- 27" € N(L) for all e € L anda € AUM(L,:), 


(H, 0) is called a Nuclear-holomorph of L, if 


g'-aa € C(L) or ca-x~' € C(L) for all x € L and a € AUM(L,-), 


(H, ©) is called a Centrum-holomorph of L hence a Central-holomorph if 


xg -ga € Z(L) or za-x' € Z(L) for allz € Landa € AUM(L,:). 


The left Smarandache nucleus of L denoted by SN)(L,-) = N)\(L,-)NH. The right Smaran- 
dache nucleus of L denoted by SN,(L,-) = N,(L,-) AH. The middle Smarandache nucleus 
of L denoted by SN,,(L,-) = N,(L,-) AH. The Smarandache nucleus of L denoted by 
SN(L,-) = N(L,-)OH. The Smarandache centrum of L denoted by SC(L,-) = C(L,-)NH. 


25 


The Smarandache center of L denoted by SZ(L,-) = Z(L,-) NH. 
high ame sn 


s*- sa € SN(L) or sa- s? € SN(L) for all s € H anda € SAUM(L,:), 


(Hy, 0) is called a Smarandache Nuclear-holomorph of L, if 


s*- sa € SC(L) or sa-s? € SC(L) for all s € H and a € SAUM(L,-), 


(Hg,0°) is called a Smarandache Centrum-holomorph of L hence a Smarandache Central- 


holomorph if 


s*- sa € SZ(L) or sa: 8s’ € SZ(L) for alls € H anda € SAUM(L,.:). 


Interestingly, Adeniran [1] and Robinson [75], Oyebo and Adeniran [71], Chiboka and Solarin 
[26], Bruck [19], Bruck and Paige [22], Robinson [76], Huthnance [40] and Adeniran [1] have 
respectively studied the holomorphs of Bol loops, central loops, conjugacy closed loops, 
inverse property loops, A-loops, extra loops, weak inverse property loops, Osborn loops and 
Bruck loops. Huthnance [40] showed that if (Z,-) is a loop with holomorph (H, 0), (L,-) is 
a WIPL if and only if (H,0) isa WIPL. The holomorphs of an AIPL and a CIPL are yet to 
be studied. 


Theorem 2.1.1 (Adeniran /1] and Robinson [75]) 
Let (L,-) be a loop with nuclear holomorph H(L). L is a Bol loop if and only if H(L) is 


a Bol loop. 


Theorem 2.1.2 (Oyebo and Adeniran [71]) 
Let (L,-) be a loop with nuclear holomorph H(L). L is a central loop if and only if H(L) 


is a central loop. 
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Theorem 2.1.3 (Robinson [76]) 
Let (L,-) be a loop with nuclear holomorph H(L). L is an extra loop if and only if H(L) 


is an extra loop. 


Theorem 2.1.4 (Chiboka and Solarin [26]) 
Let (L,-) be a loop with nuclear holomorph H(L). L is a CC-loop if and only if H(L) is 
a CC-loop. 


Theorem 2.1.5 (Bruck /19/) 
Let (L,-) be a loop with holomorph H(L). L is an IPL if and only if H(L) is an IPL. 


Theorem 2.1.6 (Bruck and Paige [22]) 
Let (L,-) be a loop with central holomorph H(L). L is an A-loop if and only if H(L) is 


an A-loop. 


Theorem 2.1.7 (Huthnance [40] ) 
Let (L,-) be a loop with holomorph H(L). L is an WIPL if and only if H(L) is an WIPL. 


2.2 Smarandache Isotopism And Autotopism 


Definition 2.2.1 Now, if (L,-) and (G,0) are S-groupoids with S-subsemigroups L' and G' 
respectively such that A : L' — G’, where A € {U,V,W}, then the isotopism (U,V,W) : 
(L,-) — (G,°) ts called a Smarandache isotopism(S-isotopism). This, fv =.W, 
then U is called a Smarandache isomorphism, hence we write (L,-) = (G,o). 

Similarly, if (L,-) is an S-groupoid with S-subsemigroup L' such that A € {U,V,W} is 
a Smarandache permutation, then the autotopism (U,V,W) is called a Smarandache auto- 
topism (S-autotopism) and they form a group SAUT(L,-) which will be called the Smaran- 
dache autotopism group of (L,-). Observe that SAUT(L,-) < AUT(L,-). 


Zt 


Discussions ‘To be more precise about the notion of S-isotopism in Definition 2.2.1, the 
following explanations are given. For a given S-groupoid, the S-subsemigroup is arbitrary. 
But in the proofs, we shall make use of one arbitrary S-subsemigroup for an S-groupoid at a 
time for our arguments. Now, if (L,-) and (G, 0) are S-isotopic S-groupoids with arbitrary S- 
subsemigroups L’ and G" respectively under the triple (U,V, W). In case the S-subsemigroup 
L’ of the S-groupoid FL is replaced with another S-groupoid L” of L(i.e a situation where 
by L has at least two S-subsemigroups), then under the same S-isotopism (U, V,W), the S- 
groupoid isotope G has a second S-subsemigroups G”. Hence, when studying the S-isotopism 


(U,V,W), it will be for the system 


{(L, ‘), (L’, -)} ee {(G, o), (@, o)} or {(L, 5 (L", “)y as {(G, o), (Gr o)} 


and not 


{(L, “), (L,, )} 4 {(G, °), (G", 0) } or nee "3 (E", ah; ae 1G; °), (G, o)f- 


This is because |L’| = |G’| and |L”| = |G”| since (L’)A = G’ and (L”)A = G" for all 
A € {U,V,W} while it is not compulsory that |Z’| = |G”| and |L”| = |G’|. It is very 
easy to see from the definition that the component transformations U,V,W of isotopy after 
restricting them to the S-subsemigroup or S-subgroup L’ are bijections. Let 71,72 € L’, then 
x ,A = 1A implies that x, = xq because 71,72 € L’ implies x1, x72 € L, hence 71;A = 12A 
in L implies 71 = x». The mappings A : L'-> G’ and A :L—L' +> G-—G‘ are bijections 
because A : L — Gis a bijection. Our explanations above are illustrated with the following 


examples. 


Example 2.2.1 The systems (L,-) and (L,*), L = {0,1,2,3,4} with the multiplication 
Table 2.1 and Table 2.2 are S-quasigroups with S-subgroups (L’,-) and (L",*) respectively, 
L’ = {0,1} and L” = {1,2}. (L,-) is taken from Example 2.2 of [68]. The triple (U, V,W) 


28 


Hi] CO] FE] DO] CO]! dO 
CY] Fr] de] CO} BY] CO 
r+} CO] CO} A] DO] 


WW] bo} BR) OO] rR] FR 


He] CO] DO] FE} @ 
DO] BR} WwW) rR | O]| © 


Table 2.1: A Smarandache Quasigroup 


*]O0},1)2)3)4 
O07 1)/0;4)2)3 
1473/1) 2)0)4 
2/4) 2/1)3/0 
3/.0)/4/3]1)]2 
4)}2);3])0/4]1 


Table 2.2: A Smarandache Quasigroup Isotope 


such that 


01234 01234 01234 
se— Vs and W = 
12 3 4 0 1240 8 120 4 3 


are permutations on L, is an S-isotopism of (L,-) onto (L,*). Notice that A(L') = L" for 
all AE {U,V,W} and U,V,W : L’ > L” are all bijcetions. 


Example 2.2.2 According to Example 4.2.2 of [89], the system (Ze, x6) i.e the set L = Ze 
under multiplication modulo 6 is an S-semigroup with S-subgroups (L’, x6) and (L", x6), 
L’ = {2,4} and L” = {1,5}. This can be deduced from its multiplication Table 2.3. The 
triple (U,V,W) such that 
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Xe |] Of} 1)2)3)4)5 
0 70);0;0;0/0]0 
1 70;/1;);2/3)4)]5 
2)70)/2);4/0;2/4 
3 70)3/0;)3/0]3 
4170),4/2/0/4]2 
5 |0/5);4)3)2]1 


Table 2.3: A Smarandache Semigroup 


* | O}1)/2)3)4)5 
AN ey Ue Paes hos 
0 | ee: Sa ae a 
Bei els | ee | ae RD 
Bell Be) Be Oo ae] 2 
AN Tal] Deol ASL | he 
Boel mea lice elise. |! 
Table 2.4: A Smarandache Semigroup 
alae! Wise ars gees es Oe 25a AS Ob Qo 4S 
= Ve and W = 
Ab Soy UO 1 3:2 4 & 0 Te 20% Be BSS 


are permutations on L, is an S-isotopism of (Ze, x6) unto an S-semigroup (Ze,*) with S- 
subgroups (L!",*) and (L"", *), L'” = {2,5} and L’” = {0,3} as shown in Table 2.4. Notice 
that A(L’') = L' and A(L") = L" for all A € {U,V,W} and U,V,W : L’! > L and 


U,V,W :L” > L"” are all bijcetions. 


From Example 2.2.1 and Example 2.2.2, it is very clear that the study of of S-isotopy 
of two S-groupoids or S-quasigroups or S-semigroups or S-loops is independent of the S- 
subsemigroup or S-subgroup that is in consideration. All results in this paper are true for 


any given S-subsemigroups or S-subgroups of two S-isotopic S-groupoids or S-quasigroups or 
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S-semigroups or S-loops. More examples of S-isotopic S-groupoids can be constructed using 


S-groupoids in [88]. 


Remark 2.2.1 Taking careful look at Definition 2.2.1 and comparing it with [Defini- 
tion 4.4.1,/86/], it will be observed that the author did not allow the component bijections 
U,V andW in (U,V,W) to act on the whole S-loop L but only on the S-subloop(S-subgroup ) 
L'. We feel this is necessary to adjust here so that the set L — L’ is not out of the study. 
Apart from this, our adjustment here will allow the study of Smarandache isotopy to be 
explorable. Therefore, the S-isotopism and S-isomorphism here are clearly special types of 
relations(isotopism and isomorphism) on the whole domain into the whole co-domain but 
those of Vasantha Kandasamy [86] only take care of the structure of the elements in the S- 
subloop and not the S-loop. Nevertheless, we do not fault her study for we think she defined 


them to apply them to some life problems as an applied algebraist. 


2.3  Holomorphy Of Some Smarandache Loops 


Theorem 2.3.1 Let (L,-) be a Smarandanche loop with subgroup (S,-). The holomorph 
H(S) of S is a group. 


Theorem 2.3.2 A loop is a Smarandache loop if and only if its holomorph is a Smarandache 


loop. 


Proof 

Let L be a Smarandache loop with subgroup S. By Theorem 2.3.1, (H(S),0) is a group 
where H(S) = AUM(S,-) x (S,-). Clearly, H(S) ¢ H(L,-). So, let us replace AUM(S, -) 
in H(S) by SAUM(L,-). SAUM(L,-) < AUM(L,-) hence, H(S) = SAUM(L,-) x (S,-) 
remains a group. In fact, (H(S),0) C (H,0) and (H(S),0) < (H,o). Thence, the holomorph 


of a Smarandache loop is a Smarandache loop. 


dl 


To prove the converse, recall that H(L) = AUM(L) x L. If H(L) is a Smarandache loop 


then 4 Sy C H(L) > SH< H(L). 


Sy C H(L)=> 4 BUM(L) Cc AUM(L) and BCL 3 Sy = BUM(L)x B. 
Let us choose 
BUM(L)={ae AUM(L) : bac BY bE B}, 


this is the group of Smarandache loop automorphisms on B. So, (Sz,°) = (BUM(L) x B,0°) 


is expected to be a group. Thus, 


(a,x) 0 [(8,y) 0 (y,z)] = [(a, 2) 0° (B,y)]° (7,2) V z,y,2 € B, a, 8,7 € Bum(L) 
= rBy- (yy: 2) = (@By- yy) 26 
x (y-z)=(a'-y’)-2z2V a ,y,z€B. 
So, (B,-) must be a group. Hence, L is a Smarandache loop. 


Remark 2.3.1 Jt must be noted that if AUM(L,-) = SAUM(L,-), then S is a characteristic 
subloop. A subloop S of a loop L is said to be characteristic if it is its own automorphic 
image under any automorphism of the loop L. 


Theorem 2.3.3 Let L and L’ be loops. L = L' implies H(L) = H(L'). 


Proof 


If L = L’ then we need to find a bijection ¢ such that 
? 
AUM(L)) © AUM(L’) > H(L) = AUM(L) x L&® AUM(L’) x L' = H(L’). 


Already, a : LL’ 3 (a,a,a) : Lo L’ 
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is an isotopism. According to [72], if two loops are isotopic, then their groups of autotopism 
are isomorphic. The automorphism group is one of such since it is a form of autotopism. 


Thus; 


AUM(L) © AUM(L') > H(L) = AUM(L) x L © AUM(L’) x L! = H(L’). 


Theorem 2.3.4 Let U = (L,8) and V = (L,®&) be initial S-quasigroups such that 
SAUM(U) and SAUM(V) are conjugates in SSY M(L) «.e there exists aw € SSY M(L) 
such that for any y € SAUM(V), y = way where a € SAUM(U). Then, Hs(U) = 
H3(V) if and only if 


xO @yy=(*BEy)dV2,yEL, BE SAUM(U) and some 6,y € SAUM(V). 


Hence: 
1. yE SAUM(U) if and only if (I,y,6) € SAUT(V). 
2. if U is a initial S-loop, then; 
(a) Los € SAUM(V). 
(b) BE SAUM(V) if and only if Rey € SAUM(V). 


where e is the identity element in U and Lz, Ry are respectively the left and right 


translations mappings of x EV. 


3. if6=T1, then |SAUM(U)| = |SAUM(V)| =3 and so SAUM(U) and SAUM(V) are 


boolean groups. 
4. if y=T, then |SAUM(U)| = |SAUM(V)]| = 1. 
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Proof 
Let H5(L,®) = (Hs,0) and Hs(L, ®) = (Hs5,0). Hs(U) = Hs(V) if and only if there exists 
a bijection ¢ : Hs(U) — Hs(V) such that 


[(a, 2) 0 (8,y)]b = (a, 2) © (6, y)4 and (H’,®) © (#",@) 


where H’ = L’x SAUM(U) and H” = L” x SAUM(V), (L’, ®) and (L”, ®) been the initial 


S-subquasigroups of U and V. Define 


(a, 2)b = (ay, eb ta) V (a, 2) € (Hs,0) where py € SSYM(L). 


Hs(U) = Hs(V) @ (a6, 28 © y)b = (lay, cp" ar) © (b "Bb, yb" Br) 
<> (Wt aby, (xB ® y)W abd) = (baby, cp aBp ® yb "BY) 
(xB Oy)) ap = xp aBy ® yb "Bb & 26 @ yy = (xB Oy)b 


where 6 =p ‘aGw, y= "Bu. 


Note that, 
V¥Lui = Lego and ORyy— PRO V 2.y © L: 


So, when U is an S-loop, 


WL =o. dnd OR, =o. 


These can easily be used to prove the remaining part of the theorem. 


Corollary 2.3.1 Let U = (L,8@) and V = (L,®) be initial S-quasigroups. Hs(U) = Hs(V) 


implies U and V are S-isotopic under a triple of the form (6,1, 6). 
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Proof 


In Theorem 2.3.4, let G = I, then y = I. The conclusion follows immediately. 


Remark 2.3.2 By Theorem 2.3.3 and Corollary 2.8.1, any two distinct S-isomorphic S- 


loops with the same underlining set are non-trivially S-isotopic. 


Corollary 2.3.2 Let L be a Smarandache loop. If L is isomorphic to L’, then {H(L), H(L')} 


and {L, L'} are both systems of isomorphic Smarandache loops. 


Proof 
This follows from Theorem 2.3.2, Theorem 2.3.3 and the obvious fact that the Smarandache 


loop property in loops is isomorphic invariant. 


Remark 2.3.3 The fact in Corollary 2.3.2 that H(L) and H(L’) are isomorphic Smaran- 
dache loops could be a clue to solve one of the problems posed in [87]. The problem required 


us to prove or disprove that every Smarandache loop has a Smarandache loop isomorph. 


2.3.1 Holomorphy Of Smarandache Inverse Property Loops 


Theorem 2.3.5 Let L be a loop with holomorph H(L). L is an IP-SIPL if and only if H(L) 
is an IP-SIPL. 


Proof 

In an IPL, every subloop is an IPL. So if Z is an IPL, then it is an IP-SIPL. From Theo- 
rem 2.1.5, it was stated that L is an IPL if and only if H(L) is an IPL. Hence, H(ZL) is an 
IP-SIPL. Conversely assuming that H(ZL) is an IP-SIPL and using the same argument, L is 
an IP-SIPL 


Theorem 2.3.6 Let L be a loop with S-holomorph Hs(L). L is a SIPL if and only if Hs(L) 
is a SIPL. 
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Proof 

Assume that Z is a SIPL and let L’ be the S-IP subloop in L. Then, consider H’ = 
L'x SAUM(L) C Hy = Lx SAUM(L). Recall that (H,,0) is a loop. It can be drawn from 
Theorem 2.1.5 that (H’,0) is an IPL, hence, a S-IP subloop of Hs. Thus, Hs(L) is a SIPL. 
Conversely, if Hs(L) is a SIPL, then it has a S-IP subloop H’. Say, H’ = L’ x SAUM(L) 
which means L’ is an IPL since H” = L’ x {I} is a subloop of H’ and H” = L’. Therefore, 
Lisa SIPL. 


Theorem 2.3.7 Let L be a loop with holomorph H(L). L is an WIP-SWIPL if and only if 
H(L) is an WIP-SWIPL. 


Proof 

In a WIPL, every subloop is a WIPL. So if L is a WIPL, then it is a WIP-SWIPL. From 
Theorem 2.1.7, it can be stated that LZ is a WIPL if and only if H(L) is a WIPL. Hence, 
H(L) is a WIP-SWIPL. Conversely assuming that H(L) is a WIP-SWIPL and using the 
same argument L is a WIP-SWIPL. 


Theorem 2.3.8 Let L be a loop with S-holomorph Hs(L). L is a SWIPL if and only if 
Hs(L) is a SWIPL. 


Proof 

Assume that LZ is a SWIPL and let L’ be the S-WIP subloop in L. Then, consider H’ = 
L'x SAUM(L) Cc Hs = L x SAUM(L). Recall that (H,,0) is a loop. It can be drawn 
from Theorem 2.1.7 that (H’,0) is an WIPL, hence, a S-WIP subloop of Hs. Thus, Hs(L) 
is a SWIPL. Conversely, if Hs(Z) is a SWIPL, then it has a S-WIP subloop H’. Say, 
H! = L' x SAUM(L) which means L’ is a WIPL since H” = L’ x {I} is a subloop of H’ and 
H" ~ L’. Therefore, L is a SWIPL. 


Theorem 2.3.9 Let (L,-) be a quasigroup(loop) with holomorph H(L). H(L) is an 
AIPQ(AIPL) if and only if 
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1. AUM(L) is an abelian group, 
2. (B-1,a, I) € AUT(L) V a, 8 € AUM(L) and 
3. L is a AIPQ(AIPL). 


Proof 

A quasigroup(loop) is an automorphic inverse property loop(AIPL) if and only if it obeys 
the AIP identity. Using either of the definitions of an AIPQ(AIPL), it can be shown that 
H(L) is a AIPQ(AIPL) if and only if AUM(ZL) is an abelian group and 


(BF, ap, Jp) € AUT(L) V a, 6B € AUM(L). 


L is isomorphic to a subquasigroup(subloop) of H(L), so L is a AIPQ(AIPL) which implies 
(Jd a¢dp) © BUT (LE). 80; 


(G-',a, I) € AUT(L) V a, 8 € AUM(L). 


Corollary 2.3.3 Let (L,-) be a quasigroup(loop) with holomorph H(L). H(L) is a 
CIPQ(CIPL) if and only if 


1. AUM(L) is an abelian group, 
2. (B-1,a,I) € AUT(L) V a, 8 € AUM(L) and 


3. L is a CIPQ(CIPL). 


Proof 
A quasigroup(loop) is a CIPQ(CIPL) if and only if it isa WIPQ(WIPL) and an AIPQ(AIPL). 
L is a WIPQ(WIPL) if and only if H(L) is a WIPQ(WIPL). 
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If H(L) is a CIPQ(CIPL), then H(L) is both a WIPQ(WIPL) and a AIPQ(AIPL) which 
implies 1., 2., and 3. of Theorem 2.3.9. Hence, L is a CIPQ(CIPL). The converse follows by 


just doing the reverse. 


Corollary 2.3.4 Let (L,-) be a quasigroup(loop) with holomorph H(L). If H(L) is an 
AIPQ(AIPL) or CIPQ(CIPL), then H(L) ™ L. 


Proof 
By 2. of Theorem 2.3.9, 
(G-',a,I) € AUT(L) V a, 6B € AUM(L) 
implies 73-! - ya = x- y which means a = 3 = I by substituting = e and y = e. Thus, 
AU M(L) = {I} and so H(L) = L. 


Theorem 2.3.10 The holomorph of a quasigroup(loop) L is a AIPQ(AIPL) or 
CIPQ(CIPL) if and only if AUM(L) = {I} and L is a AIPQ(AIPL) or CIPQ(CIPL). 


Proof 


This is established using Theorem 2.3.9, Corollary 2.3.3 and Corollary 2.3.4. 


Theorem 2.3.11 Let (L,-) be a quasigroups(loop) with holomorph H(L). H(L) is a 
CIPQ(CIPL) if and only if AUM(L) is an abelian group and any of the following is true for 
allx,y€ L anda,B¢€ AUM(L): 


1. (a8 -y)x? = ya. 
2 Or? =U. 
3. (2a Ba + ya) +x = y. 


4. wa Ba-(ya-x)=y. 
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Proof 


This is achieved by simply using the four equivalent identities that define a CIPQ(CIPL): 


Corollary 2.3.5 Let (L,-) be a quasigroups(loop) with holomorph H(L). If H(L) is a 
CIPQ(CIPL) then, the following are equivalent to each other 


1. (7p, ap, Jp) € AUT(L) V a, 8B € AUM(L). 
2. (BJ, ay, Jn) € AUT(L) V a, 8 € AUM(L). 
3. (eB + y)x” = ya. 

4. B+ yx? = ya. 

5. (a7 !Ba-ya)-x = y. 

6. Pa Ba: (ya 2) = y. 


Hence, 


(G,a,1), (a, 6,1), (6,1,a), I,a, 8) € AUT(L) Va, 8B € AUM(L). 


Proof 
The equivalence of the six conditions follows from Theorem 2.3.11 and the proof of Theo- 


rem 2.3.9. The last part is simple. 


Corollary 2.3.6 Let (L,-) be a quasigroup(loop) with holomorph H(L). If H(L) is a 
CIPQ(CIPL) then, L is a flexible unipotent CIPQ(flexible CIPL of exponent 2). 


Proof 


It is observed that J, = J, = J. Hence, the conclusion follows. 


Remark 2.3.4 The holomorphic structure of loops such as extra loop, Bol-loop, C-loop, C'C- 
loop and A-loop have been found to be characterized by some special types of automorphisms 


such as 
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1. Nuclear automorphism(in the case of Bol-,CC- and extra loops), 
2. central automorphism(in the case of central and A-loops). 


By Theorem 2.8.9 and Corollary 2.3.3, the holomorphic structure of AIPLs and CIPLs is 


characterized by commutative automorphisms. 


Theorem 2.3.12 The holomorph H(L) of a quasigroup(loop) L is a Smarandache 
AIPQ(AIPL) or CIPQ(CIPL) if and only if SAUM(L) = {I} and L is a Smarandache 
AIPQ(AIPL) or CIPQ(CIPL). 


Proof 

Let ZL be a quasigroup with holomorph AH(L). If H(L) is a SAIPQ(SCIPQ), then there 
exists a S-subquasigroup H’(L) C H(L) such that H’(L) is a AIPQ(CIPQ). Let H'(L) = 
G x SAUM(L) where G is the S-subquasigroup of L. From Theorem 2.3.10, it can be seen 
that H’(L) is a AIPQ(CIPQ) if and only if SAUM(L) = {JI} and G is a AIPQ(CIPQ). So 


the conclusion follows. 


2.3.2  Holomorphy Of Smarandache Conjugacy Closed Loops 
Theorem 2.3.13 Every G-loop is a SG-loop. 
Proof 


As shown in [Lemma 2.2, [27]], every subloop in a G-loop is a G-loop. Hence, the claim 


follows. 
Corollary 2.3.7 CC-loops are SG-loops. 


Proof 


In [38], CC-loops were shown to be G-loops. Hence, the result follows by Theorem 2.3.13. 
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Theorem 2.3.14 Let G be a CC-loop with normal subloop H. G/H is a SG-loop. 


Proof 
According to [Theorem 2.1,[27|], G/H is a G-loop. Hence, by Theorem 2.3.13, the result 


follows. 
Theorem 2.3.15 Every SCCL is a SG-loop. 


Proof 
If a loop L is a SCCL, then there exist a subloop H of L that is a CC-loop. CC-loops are 


G-loops, hence, H is a G-loop which implies L is a SG-loop. 
Theorem 2.3.16 Every CC-loop is a SCCL. 


Proof 
By the definition of CC-loop in [59], [58] and [61], every subloop of a CC-loop is a CC-loop. 


Hence, the conclusion follows. 


Remark 2.3.5 The fact in Corollary 2.8.7 that CC-loops are SG-loops can be seen from 
Theorem 2.3.15 and Theorem 2.8.16. 


Theorem 2.3.17 Let L be a loop with Nuclear-holomorph H(L). L is an IP-CC-SIP-SCCL 
if and only if H(L) is an IP-CC-SIP-SCCL. 


Proof 

If L is an IP-CCL, then by Theorem 2.3.5, H(Z) is an IP-SIPL and hence by Theorem 2.1.4 
and Theorem 2.3.16, H(L) is an IP-CC-SIP-SCCL. The converse is true by assuming that 
H(L) is an IP-CC-SIP-SCCL and using the same reasoning. 


Theorem 2.3.18 Let L be a loop with S-nuclear holomorph Hs(L). L is a SCCL if and 
only if Hs(L) is a SCCL. 
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Proof 

Assume that L is a SCCL and let L’ be the S-CC subloop in L. Then, consider H’ = 
['x SAUM(L) C Hy = Lx SAUM(L). Recall that (H,,0) is a loop. It can be drawn from 
Theorem 2.1.4 that (H’,0) is a CCL, hence, a S-CC subloop of Hs. Thus, Hs(L) is a SCCL. 
Conversely, if Hs(Z) is a SCCL, then it has a S-CC subloop H’. Say, H’ = L’ x SAUM(L) 
which means L’ is a CCL since H” = L’ x {I} is a subloop of H’ and H” = L’. Therefore, 
L is a SCCL. 


2.3.3 Holomorphy Of Smarandache: Bol Loops, Central Loops, 


Extra Loops And Burn Loops 


Theorem 2.3.19 Let L be a loop with Nuclear-holomorph H(L). L is a Bol-SBL if and 
only if H(L) is a Bol-SBL. 


Proof 
If L is a Bol-loop, then by Theorem 2.1.1, H(L) is a Bol-loop. According to [Theorem 6, 
[87]], every Bol-loop is a SBL. Hence, H(L) is a Bol-SBL. The Converse is true by using the 


same argument. 


Theorem 2.3.20 Let L be a loop with S-nuclear holomorph Hs(L). L is a SBL if and only 
if Hs(L) is a SBL. 


Proof 

Assume that LZ is a SBL and let L’ be the S-Bol subloop in L. Then, consider H’ = 
L'x SAUM(L) C Hy = Lx SAUM(L). Recall that (H,,0) is a loop. It can be drawn from 
Theorem 2.1.1 that (H’, 0) is a Bol loop, hence, a S-Bol subloop of Hs. Thus, H5(L) is a SBL. 
Conversely, if Hs(L) is a SBL, then it has a S-Bol subloop H’. Say, H’ = L' x SAUM(L) 
which means L’ is a Bol loop since H" = L’ x {I} is a subloop of H’ and H” = L’. Therefore, 


Lisa SBL. 
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Theorem 2.3.21 Let L be a loop with Nuclear-holomorph H(L). L is a central-SCL if and 
only if H(L) is a central-SCL. 


Proof 
If L is a central-loop, then by Theorem 2.1.2, H(L) is a central-loop. Every central-loop is 


a SCL. Hence, H(L) is a central-SCL. The Converse is true by using the same argument. 


Theorem 2.3.22 Let L be a loop with S-nuclear holomorph Hs(L). L is a SCL if and only 
if Hs(L) is a SCL. 


Proof 

Assume that ZL is a SCL and let L’ be the S-central subloop in L. Then, consider H’ = 
LD’ x SAUM(L) C Hy = Lx SAUM(L). Recall that (H,,°) is a loop. It can be drawn 
from Theorem 2.1.2 that (H’,o) is a central loop, hence, a S-central subloop of Hs. Thus, 
Hs(L) is a SCL. Conversely, if Hs(Z) is a SCL, then it has a S-central subloop H’. Say, 
H' = L' x SAUM(L) which means L’ is a central loop since H” = L’ x {I} is a subloop of 
H' and H"” = L’. Therefore, L is a SCL. 


Theorem 2.3.23 Let L be a loop with Nuclear-holomorph H(L). L is a extra-SEL if and 
only if H(L) is an extra-SEL. 


Proof 
If L is a extra-loop, then by Theorem 2.1.3, H(L) is a extra-loop. Every extra-loop is a SEL. 


Hence, H(L) is a extra-“SEL. The Converse is true by using the same argument. 


Theorem 2.3.24 Let L be a loop with S-nuclear holomorph Hs(L). L is a SEL if and only 
if Hs(L) is a SEL. 


Proof 
Assume that LZ is a SEL and let L’ be the S-extra subloop in L. Then, consider H’ = 
L' x SAUM(L) Cc Hy = L x SAUM(L). Recall that (H;,0) is a loop. It can be drawn 
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from Theorem 2.1.3 that (H’,o) is a extra loop, hence, a S-extra subloop of Hs. Thus, 
Hgs(L) is a SEL. Conversely, if Hs(Z) is a SEL, then it has a S-extra subloop H’. Say, 
H! = L' x SAUM(L) which means L’ is a extra loop since H” = L' x {I} is a subloop of H’ 
and H” ~ L’. Therefore, L is a SEL. 


Corollary 2.3.8 Let L be a loop with Nuclear-holomorph H(L). L is a IP-Burn-SIP-SBNL 
if and only if H(L) is an IP-Burn-SIP-SBNL. 


Proof 


This follows by combining Theorem 2.3.17 and Theorem 2.3.19. 


Corollary 2.3.9 Let L be a loop with S-nuclear holomorph Hs(L). L is a SBNL if and only 
if Hs(L) is a SBNL. 


Proof 


This follows by combining Theorem 2.3.18 and Theorem 2.3.20. 


2.3.4 Holomorphy Of Smarandache: A-Loops, Homogeneous 
Loops 

Theorem 2.3.25 Every A-loop is a SAL. 

Proof 


According to [Theorem 2.2, [22]], every subloop of an A-loop is an A-loop. Hence, the 


conclusion follows. 
Theorem 2.3.26 Let L be a loop with Central-holomorph H(L). L is an A-SAL if and only 
if H(L) is an A-SAL. 


Proof 
If L is an A-loop, then by Theorem 2.1.6, H(L) is a A-loop. By Theorem 2.3.25, every A-loop 


is a SAL. Hence, H(L) is an A-SAL. The Converse is true by using the same argument. 
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Theorem 2.3.27 Let L be a loop with S-central holomorph Hs(L). L is a SAL if and only 
if Hs(L) is a SAL. 

Proof 

Assume that LZ is a SAL and let L’ be the S-extra subloop in L. Then, consider H’ = 
L'x SAUM(L) C Hy = Lx SAUM(L). Recall that (H,,0) is a loop. It can be drawn from 
Theorem 2.1.6 that (H’,0) is an A-loop, hence, a S-A-subloop of Hs. Thus, Hs(L) is a SAL. 
Conversely, if Hs(L) is a SAL, then it has a S-A subloop H’. Say, H’ = L' x SAUM(L) 
which means L’ is a A-loop since H” = L’ x {I} is a subloop of H’ and H” = L’. Therefore, 


LisaSAL.. 


Corollary 2.3.10 Let L be a loop with Central-holomorph H(L). L is an homogeneous-SHL 


if and only if H(L) is an homogeneous-SHL. 


Proof 


This can be seen by combining Theorem 2.3.5 and Theorem 2.3.26. 


Corollary 2.3.11 Let L be a loop with S-Central-holomorph Hs(L). L is an homogeneous- 
SHL if and only if Hs(L) is an homogeneous-SHL. 


Proof 


This can be seen by combining Theorem 2.3.6 and Theorem 2.3.27. 


2.3.5 Holomorphy Of Smarandache: K-Loops, Bruck-Loops and 
Kikkawa-Loops 


Corollary 2.3.12 The holomorph H(L) of a loop L is a SKL or SBRL or SKWL if and 
only if SAUM(L) = {I} and L is a SKL or SBRL or SKWL. 


Proof 
Let L be a loop with holomorph H(L). Consider a subloop H’(L) of H(L) such that 
H'(L) =G x SAUM(L) where G is a subloop of L. 
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1. Recall that by Theorem 2.1.6, H’(L) is an A-loop if and only if it is a Smarandache 
Central-holomorph of L and G is an A-loop. Combing this fact with Theorem 2.3.12, 
it can be concluded that: the holomorph H(L) of a loop L is a SKL if and only if 
SAUM(L) = {I} and L is a SKL. 


2. Recall that by Theorem 2.1.1, H’(L) is a Bol loop if and only if it is a Smarandache 
Nuclear-holomorph of L and G is a Bol-loop. Combing this fact with Theorem 2.3.12, 
it can be concluded that: the holomorph H(L) of a loop L is a SBRL if and only if 
SAUM(L) = {I} and L is a SBRL. 


3. Following the first reason in 1., and using Theorem 2.3.12, it can be concluded that: 
the holomorph H(L) of a loop L is a SKWL if and only if SAUM(L) = {J} and L is 
a SKWL. 


2.4 Double Cryptography Using The Smarandache 


Keedwell CIQ 


In the quest for the application of CIPQs with long inverse cycles to cryptography, Keed- 
well [51] constructed the following CIPQ which we shall specifically call Keedwell CIPQ. 


Theorem 2.4.1 (Keedwell CIPQ) 
Let (G,-) be an abelian group of order n such that n+ 1 is composite. Define a binary 
operation ’o’ on the elements of G by the relation aob = a'b®, where rs =n+1. Then (G,0°) 


is a CIPQ and the right crossed inverse of the element a is a“, where u = (—r)? 


The author also gave examples and detailed explanation and procedures of the use of this 
CIPQ for cryptography. Cross inverse property quasigroups have been found appropriate for 


cryptography because of the fact that the left and right inverses 2* and x? of an element x 
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do not coincide unlike in left and right inverse property loops, hence this gave rise to what 


is called ’cycle of inverses’ or ‘inverse cycles’ or simply ’cycles’ i.e finite sequence of elements 


£1,02,°** , Ln Such that 2? = vey, mod n. 


The number n is called the length of the cycle. The origin of the idea of cycles can be traced 
back to Artzy [7, 9] where he also found there existence in WIPLs apart form CIPLs. In his 
two papers, he proved some results on possibilities for the values of n and for the number m 
of cycles of length n for WIPLs and especially CIPLs. We call these ” Cycle Theorems” for 
now. 

In application, it is assumed that the message to be transmitted can be represented as 
single element x of a quasigroup (L,-) and that this is enciphered by multiplying by another 
element y of L so that the encoded message is yx. At the receiving end, the message is 
deciphered by multiplying by the right inverse y? of y. If a left(right) inverse quasigroup 
is used and the left(right) inverse of x is x* (x?), then the left(right) inverse of x* (x?) is 
necessarily x. But if a CIPQ is used, this is not necessary the situation. This fact makes an 


attack on the system more difficult in the case of CIPQs. 


Definition 2.4.1 (Smarandache Keedwell CIPQ) 
Let Q be an initial S-quasigroup with an initial S-subquasigroup P. Q is called a Smaran- 
dache Keedwell CIPQ(SKCIPQ) if P is isomorphic to the Keedwell CIPQ, say under a 


mapping @. 


Theorem 2.4.2 Let § be any class of variety of S-quasigroups(loops). Let U = (L,@) and 


V = (L,®) be initial S-quasigroups(S-loops) that are S-isotopic under the triple of the form 


(6-'6,y7',6-") for all 8 € SAUM(U) and some 6,7 € SAUM(V) 


A7 


such that their SAGs are non-trivial and are conjugates in SSY M(L) i.e there exists a 


we SSY M(L) such that for any 


y¥€ SAUM(V), y= law where a € SAUM(U). 


Then, U € & if and only if V © &. 


Proof 

By Theorem 2.3.4, Hs(U) = Hs(V). Let U € §, then since H(U) has an initial 
S-subquasigroup(S-subloop) that is isomorphic to U and that initial S-subquasigroup(S- 
subloop) is isomorphic to an S-subquasigroup(S-subloop) of H(V) which is isomorphic to V, 


V € §. The proof for the converse is similar. 
Theorem 2.4.3 Let U = (L,@) and V = (L,®) be initial S-quasigroups(S-loops) that are 
S-isotopic under the triple of the form 


(6'8,y"',6-*) for all 8 € SAUM(U) and some 6,y € SAUM(V) 


such that their Smarandache automorphism groups are non-trivial and are conjugates in 


SSY M(L) i.e there exists aw € SSY M(L) such that for any 


y¥€SAUM(V), y= 'aw where a € SAUM(U). 


Then, U is a SCIPQ(SCIPL) if and only if V is a SCIPQ(SCIPL). 


Proof 

Following Theorem 2.3.4, Hs(U) = Hs(V). Also, by Theorem 2.3.12, Hs(U)(Hs(V)) is 
a SCIPQ(SCIPL) if and only if SAUM(U) = {I}(SAUM(V) = {I}) and U(V) is a 
SCIPQ(SCIPL). 
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Let U be an SCIPQ(SCIPL), then since Hg(U) has a subquasigroup(subloop) that 
is isomorphic to a S-CIP-subquasigroup(subloop) of U and that subquasigroup(subloop) 
is isomorphic to a S-subquasigroup(subloop) of Hs(V) which is isomorphic to a S- 


subquasigroup(subloop) of V, V is a SCIPQ(SCIPL). The proof for the converse is similar. 


Application To Cryptography Let the Smarandache Keedwell CIPQ be the SCIPQ U 
in Theorem 2.4.3. Definitely, its Smarandache automorphism group is non-trivial because 
as shown in Theorem 2.1 of Keedwell [51], for any CIPQ, the mapping J, : x — 2? is 
an automorphism. This mapping will be trivial only if the S-CIP-subquasigroup of U is 
unipotent. For instance, in Example 2.1 of Keedwell [51], the CIPQ (Go) obtained is 
unipotent because it was constructed using the cyclic group Cs; =< c: c? =e > and defined 
as ao b = a®b?. But in Example 2.2, the CIPQ gotten is not unipotent as a result of using 
the cyclic group Ci; =< ¢: c!! =e >. Thus, the choice of a Smarandache Keedwell CIPQ 
which suits our purpose in this work for a cyclic group of order n is one in which rs = n+1 
and r+s#n. Now that we have seen a sample for the choice of U, the initial S-quasigroup 


V can then be obtained as shown in Theorem 2.4.3. By Theorem 2.4.3, V is a SCIPQ. 


Now, according to Theorem 2.3.4, by the choice of the mappings a, 3 € SAUM(U) and 
w € SSYM(L) to get the mappings 6,7, a SCIPQ V can be produced following Theo- 


rem 2.4.3. So, the secret keys for the systems are 


{a, 8,0, 0} = 10,7; OF. 


Thus whenever a set of information or messages is to be transmitted, the sender will enci- 


phere in the Smarandache Keedwell CIPQ by using specifically the S-CIP-subquasigroup in 
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it(as described earlier on in the introduction) and then enciphere again with 


{aQ, B, v, o} = {6, of o} 


to get a SCIPQ V which is the set of encoded messages. At the receiving end, the message 


V is deciphered by using an inverse isotopism i.e inverse key of 


{a, 8,0} = 16,9}) 


to get U and then deciphere again(as described earlier on in the introduction) to get the 
messages. The secret key can be changed over time. The method described above is a 
double encryption and its a double protection. It protects each piece of information(element 
of the quasigroup) and protects the combined information(the quasigroup as a whole). Its 
like putting on a pair of socks and shoes or putting on under wears and clothes, the body 
gets better protection. An added advantage of the use of Smarandache Keedwell CIPQ 
over Keedwell CIPQ in double encryption is that the since the S-CIP-subquasigroups of the 
Smarandache Keedwell CIPQ in use could be more than one, then, the S-CIP-subquasigroups 


can be replaced overtime. 
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Chapter 3 


PARASTROPHY OF 
SMARANDACHE QUASIGROUPS 
AND LOOPS 


3.1 Parastrophy Of Quasigroups And Loops 


It has been noted that every quasigroup (L,-) belongs to a set of 6 quasigroups, called 
adjugates by Fisher and Yates [35], conjugates by Stein [84], [83] and Belousov [17] and 
parastrophes by Sade [78]. They have been studied by Artzy [10], Charles Lindner and 
Dwight Steedley [65] and a detailed study on them can be found in [72], [25] and [29]. The 
most recent studies of the parastrophes of a quasigroup(loop) are by Sokhatskii [81, 82], 
Duplak [30] and Shchukin and Gushan [80]. For a quasigroup (Z,-), its parastrophes are 
denoted by (L,7;), 7 € {1,2,3,4,5,6} hence one can take (L,-) = (£,7,). A quasigroup 
which is equivalent to all its parastrophes is called a totally symmetric quasigroup(introduced 


by Bruck [20]) while its loop is called a Steiner loop. 


Definition 3.1.1 Let (G,@) be a quasigroup. The 5 parastrophes or conjugates or adjugates 
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of (G,0) are quasigroups 


(G8), (G87), (G8), (G,(67)") ana (6, (79)*) 
whose binary operations 
OO 8 5. (O'F¥ and C'0y 


defined on L satisfies the conditions : 
Yc a ze My Ss VY 0,152 eG 


20 'z=ysrby=zV 2,y,2EG 
z My=rxerdy=zV 2,y,2€G 
2(0')"e¢=yorby=zV2,y,z2€G 
and 
y(10)"z=220y=2zV 2,y,2EG 


respectively. 


Definition 3.1.2 Let (G,@) be a quasigroup. 

(a) R, and L, represent the right and left translation maps in (G,@) for all x € G. 
(b) Rt and L* represent the right and left translation maps in (G,6*) for all x € G. 
(c) Rx and L, represent the right and left translation maps in (G,0~') for all x € G. 
(d) R, and L, represent the right and left translation maps in (G,~'0) for allx € G. 


(e) R* and L* represent the right and left translation maps in (G,(0~')*) for allx EG. 
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(f) IR‘ and LX represent the right and left translation maps in (G,(~'0)*) for allx € G. 


Remark 3.1.1 Jf (L,0) is a loop, (L,0*) is also a loop(and vice versa) while the other 


adjugates are quasigroups. Furthermore, 


(L,0~*) and (L, (~'0)*) 


have left identity elements, that is they are left loops while 


(15710) and (i, (6*)*) 


have right identity elements, that is they are right loops. 


(1,0) 07-140) or (E00 )") or (£,C 6") 


is a loop if and only if (L,@) is a loop of exponent 2. 


Lemma 3.1.1 Jf (L,@) is a quasigroup, then 


tf AS bes Dak, Lie Le ol a Re SRS ts I hae de 


2. ee mee ce Oia oO (aay ee Ei=Ly'=R,V «re L. 


Proof 


The proof of these follows by using Definition 3.1.1 and Definition 3.1.1. 
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(1) 


(ip ee — ae see Be 


yr =z r20y=z2> yr = cOy => yR, 


Also, y@*x = r0y > tl) = xR, = Li = Ry. 


24000 (2) Se S20, =e S 20 i HE eS Lg ST. 


20 'z=ysxby 
Also, 207'(20y) = y > 20 yL, =y > ylglh, =y > Ll, =I. 


Hence, £L,= Lz Vee L. 


FS ay Dyers oh Oya S oh hye RyRy SH. 


2(0)y =a & aby 

Alo, GC Op ty=2> 2h 6y=2S72Rh, RH 2S RAH sh 
Thence, JRy = oe Va'e D. 
2(0-'\*2 =y & xOy = z, so, 20(z(07')*2) = z > 2O0zRE = 2 > 2RILg = 2 > RL, =I. 
Also, (x6y)(0-")*2 = y > yLe(O")*2 = y > yle Re = y > LyRe =I. 
Whence, R* = Lz". 

y('0)*z = 2 & aby = z, 80, y("'0)* (aby) = 2 > y("'0)*e@R, = 2 > rR, =« => R,L, =. 

Also, (y(~'0)*z)0y = z > 2IL Oy = 2 = 2 Ry = 2 => LR, = 1. 


Thus, Ly = R,’. 


(2) These ones follow from (1). 


Lemma 3.1.2 Every quasigroup which is a Smarandache quasigroup has at least a subgroup. 


Proof 
If a quasigroup (L,-) is a SQ, then there exists a subquasigroup S C L such that (S,-) is 


associative. According [60], every quasigroup satisfying the associativity law has an identity 
hence it is a group. So, S is a subgroup of L. 
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Theorem 3.1.1 (Khalil Conditions [79]) 


A quasigroup is an isotope of a group if and only if any one of the following six identities 


are true in the quasigroup for all elements x,y, Z, U,V. 
1. x{z\[(z/u)o]} = {[2(z\z)]/upv 
2. {u\[(z/u)o]} = {|e(u\z)]/ufo 


3. x{z\|(u/u)u]} = {[x(z\u)]/ufo 
4. xly\{(yy)/zlu}] = Haly\(yy) |b /2lu 
5. xly\{[(yz)/ylud) = tely\(y2)]}/ylu 


6. xlz\{(yy)/ylu}] = [talze\(yy)]t/ylu 


3.2  Parastrophy Of Smarandache Quasigroups 


Theorem 3.2.1 (L,0) is a Smarandache quasigroup with associative subquasigroup (S60) if 


and only if any of the following equivalent statements is true. 
1. (9,0) is isotopic to (S,(@71)*). 
2. (S,0*) is isotopic to ($,07*). 
3. (9,0) is isotopic to (S,(~*6)*). 
4. (S,0*) is isotopic to (S,~10). 


Proof 


L is a SQ with associative subquasigroup S' if and only if 


810(S2083) = (51052)053 => 


Teg tas = Tesbss = Lis: 685 = Leg tig, Vv $1, 82,53 € S. 
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The proof of the equivalence of (1) and (2) is as follows. 


Lss0s2 = Lsglin Lig, = Lg lay & 
Lp Lgl (508,80 sa s08 (Si0 83) 
(S055) Rag = 550 8 Reg = 6 Re (0 1) "ss (61055) Rae = SRO )*soS 
(SOs \ Re = 550s Rae (Ral Re) 2 COSTS CV \S 


(T, Ray, Ray) SO): (5,0) (80) 


is isotopic to (S,(0~1)*) = (S,6*) is isotopic to (S,A7'). 


The proof of the equivalence of (3) and (4) is as follows. 


Rahs = Reese hy, Bo = hoe S 
IRs, Ros = Tissoss & (81783) O89 = 81_'0(82083) & 
(s9s3)IL,, = $3IL5,~'082 = 82(—'0)*s3s, & 
(89483) Ls, = $2(—'0)*s3Ds,  (830*s2)ILs, = 835,082 & 


(I, L5,,Ls,) > (8,8) > (S,(0'0)") & (Ls, 1, Ls.) : (S,0*) > (3,-°0) = (5,8) 
is isotopic to (S,(~'0)*) = (S,6*) is isotopic to (S,~'6). 


Remark 3.2.1 In the proof of Theorem 3.2.1, it can be observed that the isotopisms are 
triples of the forms (A,I, A) and (J, B,B). All weak associative identities such as the Bol, 
Moufang and extra identities have been found to be isotopic invariant in loops for any triple 
of the form (A,B,C) while the central identities have been found to be isotopic invariant 
only under triples of the forms (A,B, A) and (A, B,B). Since associativity obeys all the 


Bol-Moufang identities, the observation in the theorem agrees with the latter stated facts. 
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Corollary 3.2.1 (L,0) is a Smarandache quasigroup with associative subquasigroup (S, 6) 


if and only if any of the six Khalil conditions is true for some four parastrophes of (5,0). 


Proof 
Let (L,@) be the quasigroup in consideration. By Lemma 3.1.2, (5,0) is a group. Notice 
that 

| Red ee i a 


82083 83°~82° 


Hence, (5,0*) is also a group. In Theorem 3.2.1, two of the parastrophes are isotopes of 
(S,0) while the other two are isotopes of (.S,0*). Since the Khalil conditions are neccessary 
and sufficient conditions for a quasigroup to be an isotope of a group, then they must be 


necessarily and sufficiently true in the four quasigroup parastrophes of (.S, 6). 


Lemma 3.2.1 (L,6*) is a Smarandache quasigroup with associative subquasigroup (5, 0*) if 


and only if any of the following equivalent statements is true. 
1. (9,0*) is isotopic to (S,~*6). 
2. (S,0) is isotopic to (9, (~10)*). 
3. (9, 0*) is isotopic to (S,07+). 
4. (S,0) is isotopic to (S,(0~1)*). 


Proof 


Replace (L,6) with (ZL, 6*) in Theorem 3.2.1. 


Corollary 3.2.2 (L,0*) is a Smarandache quasigroup with associative subquasigroup (S, 6*) 


if and only if any of the six Khalil conditions is true for some four parastrophes of (5,0). 


Proof 


Replace (L,6) with (LZ, 6*) in Corollary 3.2.1. 
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Lemma 3.2.2 (L,0~') is a Smarandache quasigroup with associative subquasigroup (S,0~') 


if and only if any of the following equivalent statements is true. 
1. (S,0~1) is isotopic to (S,0*) . 
2. (S, (0-*)*) is tsotopie to-(5) 6). 
3. (S,07') is isotopic to (S,~'). 
4. (S(O )*) as isotopic to CS, (-16)"). 


Proof 
Replace (L,0) with (L,6~') in Theorem 3.2.1. 


Corollary 3.2.3 (L,0~') is a Smarandache quasigroup with associative subquasigroup 
(S,0-') if and only if any of the six Khalil conditions is true for some four parastrophes 


of (5,6). 


Proof 


Replace (LZ,0) with (£,6~+) in Corollary 3.2.1. 


Lemma 3.2.3 (L,~10) is a Smarandache quasigroup with associative subquasigroup (5, ~'0) 


if and only if any of the following equivalent statements is true. 
1. (S,~10) is isotopic to (S,0~*). 
2. (S,(-*0)*) is isotopic to (8, (0-*)*). 
3. (S,~10) is isotopic to (S,0*). 
4: (8S, (7'0)*) 28 ts0tepie to (9,0). 


Proof 


Replace (L,0) with (L,~'@) in Theorem 3.2.1. 
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Corollary 3.2.4 (LZ,~!0) is a Smarandache quasigroup with associative subquasigroup 
(S,~'0) if and only if any of the six Khalil conditions is true for some four parastrophes 


of (5,0). 


Proof 


Replace (L,0) with (Z,~1@) in Corollary 3.2.1. 


Lemma 3.2.4 (L,(0~')*) is a Smarandache quasigroup with associative subquasigroup 


(S,(0~1)*) if and only if any of the following equivalent statements is true. 
1. (9, (0~+)*) is isotopic to (S,(~'0)*) . 
2. (S,0~') is isotopic to (S,~'6). 
3. (S,(0~1)*) is isotopic to (S,6). 
4. (S,0~+)) is isotopic to (S,6*). 


Proof 


Replace (LZ, 0) with (L, (0~')*) in Theorem 3.2.1. 


Corollary 3.2.5 (L,(0~')*) is a Smarandache quasigroup with associative subquasigroup 
(S,(0~1)*) if and only if any of the six Khalil conditions is true for some four parastrophes 


of (S,0). 

Proof 

Replace (L,@) with (L, (@~')*) in Corollary 3.2.1. 

Lemma 3.2.5 (L,(~!0)*) is a Smarandache quasigroup with associative subquasigroup 


(S,(~10)*) if and only if any of the following equivalent statements is true. 


1. (9,(~10)*) is isotopic to (S,0). 
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2. (S,~'0) is isotopic to (S,6*). 
8: (S.-70)*) ae -isotenie t16.(08,(0- *)"). 
4. (9,~10) is isotopic to ($,07*). 


Proof 
Replace (L, 0) with (L, (~'@)*) in Theorem 3.2.1. 


Corollary 3.2.6 (L,(~'0)*) is a Smarandache quasigroup with associative subquasigroup 
(S,(~10)*) if and only if any of the six Khalil conditions is true for some four parastrophes 


of (S,0). 


Proof 
Replace (LZ, 6) with (ZL, (~'@)*) in Corollary 3.2.1. 


Theorem 3.2.2 (L,7;) is a Smarandache quasigroup with associative subquasigroup 
(S,7;) Vi € {1,2,3,4,5,6} if and only if for any of some four j € {1,2,3,4,5,6}, (S,7;) is 
an isotope of (S,7;) or (S,m,) for one k € {1,2,3,4,5,6} such thati Aj #k. 

Proof 


This is simply the summary of Theorem 3.2.1, Lemma 3.2.1, Lemma 3.2.2, Lemma 3.2.3, 


Lemma 3.2.4 and Lemma 3.2.5. 


Corollary 3.2.7 (L,7;) is a Smarandache quasigroup with associative subquasigroup 
(S,m) Vi € {1,2,3,4,5,6} tf and only if any of the six Khalil conditions is true for any of 


some four of (S,7;). 


Proof 
This can be deduced from Theorem 3.2.2 and the Khalil conditions or by combining Corol- 
lary 3.2.1, Corollary 3.2.2, Corollary 3.2.3, Corollary 3.2.4, Corollary 3.2.5 and Corol- 


lary 3.2.6. 
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Chapter 4 


UNIVERSALITY OF 
SMARANDACHE LOOPS OF 
BOL-MOUFANG TYPE 


4.1 Smarandache f,g-Principal Isotopes 


A subloop(subquasigroup) (S,®) of a loop(quasigroup) (G,®) is called a Smarandache 
f, g-principal isotope of the subloop(subquasigroup) (S,@) of a loop(quasigroup) (G,@) if 
for some f,g € S, 


tR, @yLy=(cx Oy) Vayes. 


On the other hand (G, ®) is called a Smarandache f, g-principal isotope of (G, @) if for some 


fig ES, 
£R, @yLr=(t#@y)Vz,yEG 


where (S,@) is a S-subquasigroup(S-subloop) of (G,@). In these cases, f and g are called 


Smarandache elements(S-elements). 
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Theorem 4.1.1 (/21]) Let (G,®) and (H,®) be two distinct isotopic loops(quasigroups). 


There exists an f,g-principal isotope (Go) of (G,@) such that (H,®) = (G, 0). 


Corollary 4.1.1 Let P be an isotopic invariant property in loops(quasigroups). If (G,@) is 
a loop(quasigroup) with the property P, then (G,@®) is a universal loop(quasigroup) relative 
to the property P if and only if every f, g-principal isotope (G,o) of (G,@®) has the property 
P. 


Proof 
If (G, ®) is a universal loop relative to the property P then every distinct loop isotope (H, ®) 
of (G,@) has the property P. By Theorem 4.1.1, there exists an f, g-principal isotope (G, 0) 
of (G,®) such that (H,@) = (G,o). Hence, since P is an isomorphic invariant property, 
every (G,o) has it. 

Conversely, if every f, g-principal isotope (G,o) of (G,@) has the property P and since by 
Theorem 4.1.1 for each distinct isotope (H,®) there exists an f, g-principal isotope (G, o) 
of (G,®) such that (H,®) & (G,o), then all (H,®) has the property. Thus, (G,@) is a 


universal loop relative to the property P. 


Lemma 4.1.1 Let (G,®) be a loop(quasigroup) with a subloop(subquasigroup) (S,@). If 
(G,o) is an arbitrary f, g-principal isotope of (G,@), then (S,o) is a subloop(subquasigroup) 


of (G,o) if (S,0o) is a Smarandache f, g-principal isotope of (S,@). 


Proof 


If (S,o) is a Smarandache f, g-principal isotope of (S,@), then for some f,g € S, 
eR, oyls=(t#@y)Vaz,ye S>axoy=2R,' @yL;" ESVayes 


since f,g € S. So, (S,0) is a subgroupoid of (G,o). (S,0) is a subquasigroup follows from 


the fact that (S,@) is a subquasigroup. f @g is a two sided identity element in (S,0). Thus, 
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(S,0) is a subloop of (G, 0). 


4.2 Universality Of Smarandache Loops 


Theorem 4.2.1 A Smarandache quasigroup is universal if all its f, g-principal isotopes are 


Smarandache f, g-principal isotopes. 


Proof 

Let (G,@®) be a Smarandache quasigroup with a S-subquasigroup (S,@). If (G,o) is an 
arbitrary f,g-principal isotope of (G,®), then by Lemma 4.1.1, (5,0) is a subquasigroup of 
(G, 0) if (S,0) is a Smarandache f, g-principal isotope of (S,@). Let us choose all (S,0) in 
this manner. So, 


coy=2R,' @yL;' Vayes. 


It shall now be shown that 
(roy)oz=xo(yoz)Va,y,z€ES. 


But in the quasigroup (G,@), xy will have preference over r By V 2, y €G. 


(roy)oz=(#R,' @yL;')oz= (ag Of ty)oz= (ag Of y)Rj' @zL;" 


=(eg '@f yg ' @f'z=2g' Of yg! fitz. 


eo(yoz)=ar0(yR,' @zL;')=xo(yg @f 'z)=a£R,' @ (yg ' @ fz) LF" 


=2g' ® f'(yg"' ® f-'z) = ag" © flyg™ ® fz. 
Thus, (S,0) is an S-subquasigroup of (G,o) hence, (G,o) is a S-quasigroup. By Theo- 
rem 4.1.1, for any isotope (H,®) of (G,®), there exists a (G,o) such that (H,@) & (G, 0). 
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So we can now choose the isomorphic image of (S,0) which will now be an S-subquasigroup 
n (H,®). So, (H,®) is an S-quasigroup. This conclusion can also be drawn straight from 


Corollary 4.1.1. 


Theorem 4.2.2 A Smarandache loop is universal if all its f,g-principal isotopes are 


Smarandache f,g-principal isotopes. But if a Smarandache loop is universal then 
aa =). got 
eg LR, RyoLy KR, Rye) 
is an autotopism of an S-subloop of the S-loop such that f and g are S-elements. 


Proof 

Every loop is a quasigroup. Hence, the first claim follows from Theorem 4.2.1. The proof of 
the second part is as follows. If a Smarandache loop (G,@) is universal then every isotope 
(H,®) is an S-loop i.e there exists an S-subloop (S,®) in (H,®). Let (G,o) be the f,g- 
principal isotope of (G, ®), then by Corollary 4.1.1, (G,o) is an S-loop with say an S-subloop 
(5,6) .-86; 


(roy)oz=xolyoz)Vay,z2ES 


where 


coy=eh Syls Vauyes. 
(GR, O yl, )R,'@ el,’ =2R,’ OR, @2L;')L,". 
Replacing xRj* by 2’, yL* by y’ and taking z = e in (S,@) we have; 


(2' @y')Ry' Rye = 2' Wy! LyR,'RyoL;' => (1, Lp Ry" RyoL5', Rz* Rye) 


is an autotopism of an S-subloop (5, @) of the S-loop (G, @) such that f and g are S-elements. 
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4.3 Universality of Smarandache Bol Loops, Moufang 


Loops and Extra Loops 


Theorem 4.3.1 A Smarandache right(left)Bol loop is universal if all its f,g-principal iso- 
topes are Smarandache f, g-principal isotopes. But, if a Smarandache right(left)Bol loop is 


universal then 


T, = (R,Ry,, LR, RyeL;', Ry Rye) (x: = (Ryolj Lea! Lybz!, bj'Lp) 


is an autotopism of an SRB(SLB)-subloop of the SRBL(SLBL) such that f and g are S- 


elements. 


Proof 
Let (G,®) be a SRBL(SLBL) with a S-RB(LB)-subloop (5,@). If (G,o) is an arbitrary 
f, g-principal isotope of (G, @), then by Lemma 4.1.1, (.S,0) is a subloop of (G, 0) if (S,0) is 


a Smarandache f, g-principal isotope of (S,@). Let us choose all (5,0) in this manner. So, 
ToyHank,. @yL;* Va,yeS. 


It is already known from [72] that RB(LB) loops are universal, hence (5,0) is a RB(LB) loop 
thus an S-RB(LB)-subloop of (G,o). By Theorem 4.1.1, for any isotope (H,®) of (G,$), 
there exists a (Go) such that (H, ®) = (G,o). So we can now choose the isomorphic image 
of (S,0) which will now be an S-RB(LB)-subloop in (H,®@). So, (H, ®) is an SRBL(SLBL). 
This conclusion can also be drawn straight from Corollary 4.1.1. 

The proof of the second is as follows. If a SRBL(SLBL) (G,©&) is universal then every 
isotope (H,®) is an SRBL(SLBL) ie there exists an S-RB(LB)-subloop (S,@) in (H,®). 


Let (G,o) be the f,g-principal isotope of (G,®), then by Corollary 4.1.1, (G,o) is an 
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SRBL(SLBL) with say an SRB(SLB)-subloop ($,0). So for an SRB-subloop (S, 0), 
[(yor)ozjoxr=yol[(roz)oalVa,y,zE8 


where 


eoy=eh, Ogls Vayes: 


Thus, 


[(yRz' @ xL;')R;' @ 2L;'|R,| @aL;' =yR;' @ [(eRz' @ zL;')Rz' @ aL; LF". 
Replacing ae by y/, zL;" by 2’ and taking x = e in (S,@) we have 
(y/RpoRZ' ® 2')Ri' Rye =y! © 2'LvRz Ryo LF’. 
Again, replace 4’ RyoRz' by y” so that 
(y” @ 2) Ry Rye = yRyRjp © 2 LR, RyoL7! > (Ry Ryo, Ly R,RyoLz', Ry‘ Rye) 


is an autotopism of an SRB-subloop (.$,@) of the S-loop (G,®) such that f and g are S- 
elements. 


On the other hand, for a SLB-subloop (5, 0), 
[zro(yoxr)loz=xrolyo(roz)| Va,y,zE8 


where 


coy=aR7 OyLy' VazyeS. 
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Thus, 


[eR,' ® (yRz' @aL;")L;"|R, © zL;" = aR," @ [yRz' © (@Rz! © 27") L7|LF". 
Replacing yR-! by y’, zL7" by z’ and taking x = e in (S,®) we have 
g f 


y' Rye Le LaR,* @ 2' = (y! @ 2’ LaL;")L7' La. 


Again, replace lig by 2” so that 


y Roly Lak, ® 2"LyL Yt = (yO 2") Ly Le = (RpoL7 Lyk,’ LL, L7'Ly) 


is an autotopism of an SLB-subloop (S,@) of the S-loop (G,@) such that f and g are 


S-elements. 


Theorem 4.3.2 A Smarandache Moufang loop is universal if all its f, g-principal isotopes 
are Smarandache f,g-principal isotopes. But, if a Smarandache Moufang loop is universal 


then 


(RL; 'LaR;', Ly Ry Rplz, Ly LR, Rye), (RL; LyR,', LsRy RyoLz', Ry RyeL;' La), 


(Rg Lz LR RyRy? LL A, Ly Lg), (Rg Rye, Lp Ry RyoLG' LarL;’, Ry Ryo), 


(RyLF La Ry, Lax Ry Ryo Ly, Ry RyoL7 Lega), (RpoLG LaRzp, Ly Ry RyoL7', Le! Lg Ry! Ryo) 


are autotopisms of an SM-subloop of the SML such that f and g are S-elements. 
Proof 


Let (G, ®) be aSML with a SM-subloop (5, @). If (G, 0) is an arbitrary f, g-principal isotope 
of (G, ®), then by Lemma 4.1.1, (S,0) is a subloop of (G, 0) if (S,0) is a Smarandache f, g- 
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principal isotope of (.S,@). Let us choose all (.S,0) in this manner. So, 
coy=2R,' @yL;" Vauyes. 


It is already known from [72] that Moufang loops are universal, hence (5,0) is a Moufang 
loop thus an SM-subloop of (G,o). By Theorem 4.1.1, for any isotope (H,@) of (G,9), 
there exists a (G,o) such that (H, ®) = (G,o). So we can now choose the isomorphic image 
of (S, 0) which will now be an SM-subloop in (H,@). So, (H, ®) is an SML. This conclusion 


can also be drawn straight from Corollary 4.1.1. 


The proof of the second part is as follows. If a SML (G,@) is universal then every 
isotope (H,®) is an SML i.e there exists an SM-subloop (S,@) in (H,@). Let (G,o) be 
the f,g-principal isotope of (G,@), then by Corollary 4.1.1, (G,o) is an SML with say an 
SM-subloop (S,0). For an SM-subloop (5S, 0), 


(noy)0(zox) =[vo(yosjorVa,y,2€S 


where 


coy=aR, OyL;' Vaye S. 


Thus, 
(cR,* @ yL;")R, © (zRj* @ aL;")L;* =([xRZ* © (yRz* © zL;")L;"]R,* @ Lj". 
Replacing yR;* by y/, zL;" by z’ and taking x = e in (S,@) we have 


y' Roly LaR,* @ 2 LyR, Ryo Ly = (y @z)LF La Ry Ryo > 


(RLF LaR,*, Ly Ry RyoL;', Ly! LR, Ryo) 
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is an autotopism of an SM-subloop (S,@) of the S-loop (G,@) such that f and g are S- 


elements. 


Again, for an SM-subloop (S, 0), 
(roy)o(zon)=axolyoz)oa]Vay,z2€S 


where 


coy=2R,' @yL; Vayes. 


Thus, 
(oR, @yL;")R,' @ (2R,;' @cL;")L;' =cR,' @[(YR,' © 2L;')R,' O aL," |L;". 
Replacing yRe* by y’, gle by z’ and taking x = e in (5,@) we have 


y RoL7 LR,’ @ 2 LyRy Rye Lz = (y © 2') Ri Rpo Le Lys > 


(RyL7'LgaR,*, Lp Ry RyeL5*, Ry RyoL;*L,,) 


is an autotopism of an SM-subloop (S,@) of the S-loop (G,@) such that f and g are S- 


elements. 


Also, if ($0) is an SM-subloop then, 
[(coy)ozloz=z0[yo(xoz)| Va,y,z€ES 


where 


coy=2R,' @yLl; Vayes. 
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Thus, 
[(e@R,' ® yL;")R,* ® cL;"|Rj' @ zL;' =2R,' © [yR,’ © (@R,’ © zL;")L;'| LF". 
Replacing ee by y/, zL;" by 2’ and taking x = e in (S,@) we have 
YRgL7 LR, RypR, Oz =(y O2LaL7)Ly'Lyy. 
Again, replace ei Lig liz by 2” so that 
Y Role LR; RyRy Oz" LyLY = (y'O2")L7 Ly => (RyLy' LR RyRy, LyL, LL yy) 


is an autotopism of an SM-subloop (S,@) of the S-loop (G,@) such that f and g are S- 


elements. 


Furthermore, if (S,0) is an SM-subloop then, 
[(yoxu)ozlox=yo|ro(zoz)|Va,y,zES 


where 


coy=aR7' OyL;' Va,ye 8. 


Thus, 


Gh, @2l, )R, O2l; |h, Gilg =yR, O (GR, OER, OL; LE, |L, 


Replacing yR-! by y’, zL7' by 2’ and taking x = e in (S,@) we have 
9g f 


(y'RpoRy @2z')Ry' Rye =y' Oz Ls Ry RyoLy Lely’. 
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Again, replace y’ RyoRz* by y” so that 


(y"@z')Ro' Rye = y" RyRy, @2' LR, Rye Ly Lyx Ly" > (RgRjp, LyR, Rye Lz Lgl; , Ry Rye) 


is an autotopism of an SM-subloop (S,@) of the S-loop (G,@) such that f and g are S- 
elements. 

Lastly, (S,@) is an SM-subloop if and only if (S,0) is an SRB-subloop and an SLB- 
subloop. So by Theorem 4.3.1, J, and J) are autotopisms in (S,@), hence 7,72 and 727; are 


autotopisms in (5, @). 


Theorem 4.3.3 A Smarandache extra loop is universal if all its f, g-principal isotopes are 


Smarandache f,g-principal isotopes. But, 1f a Smarandache extra loop is universal then 


(RyL7'LgaR;', Lp Ry, RoL;*, L'Lgx Rj, Ry), 


(RgRjo Rg Lz Ler Ry', LarLz*, L7' Las), (RgoRy', LsL AL Ry RyoL7', Ry Rye) 


(RL; LyaRz', LpRy Rplz, Ly Lak, Ryo), (Rol; LaR,’, LyRy RyoLZ', Ry’ RyoL;'L,a), 


(Ryle Ly Ry RyRy? Ls Ly, Lz Las), (Rg Rio, Lp Ry RyoL7'LyL;', Ry Ryo), 


(RLF Lake, Lake Ryo Ly, Ry RyoLZ Lea), (pole LyRjo, Lp Ry RyoL7', Le’ LR, Rye), 


are autotopisms of an SE-subloop of the SEL such that f and gq are S-elements. 
Proof 
Let (G,®) be a SEL with a SE-subloop ($,@). If (G, 0) is an arbitrary f, g-principal isotope 


of (G,@), then by Lemma 4.1.1, (S,0) is a subloop of (G,o) if ($,0) is a Smarandache 


f, g-principal isotope of (S,@). Let us choose all (S,0) in this manner. So, 


coy=2R,' @yLl;' Vayes. 
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In [39] and [62] respectively, it was shown and stated that a loop is an extra loop if and only 
if it is a Moufang loop and a CC-loop. But since CC-loops are G-loops(they are isomorphic 
to all loop isotopes) then extra loops are universal, hence (S,0) is an extra loop thus an 
SE-subloop of (G,o). By Theorem 4.1.1, for any isotope (H,@) of (G,@), there exists a 
(G,o) such that (H,@) & (G,o). So we can now choose the isomorphic image of (S, 0) 
which will now be an SE-subloop in (H,®). So, (H,®) is an SEL. This conclusion can also 
be drawn straight from Corollary 4.1.1. The proof of the second part is as follows. If a 
SEL (G,@) is universal then every isotope (H,®) is an SEL i.e there exists an SE-subloop 
(S,®) in (H,@). Let (G,o) be the f, g-principal isotope of (G,@), then by Corollary 4.1.1, 
(G,o) is an SEL with say an SE-subloop (S,0). For an SE-subloop (S, 0), 


(Goyvozior=wolyo(zon)|Vay2es 


where 


coy=aR7 OyL;' Vazye S. 


Thus, 


[(@R,' ® yL;")R,’ ® zL;']R,' @ Ll; =cR,' ®[yR,’ O (zR,* @aL;*)L; LF. 
Replacing yt? by y/, ZL by 2’ and taking x = e in (S,@) we have 
(y'RyL; LR, @ 2')R, Ryo = (y' @ 2 LyR, Ryo L7*)L; Ly. 
Again, replace z'LyRy Rye LF" by 2” so that 


y Roly LaR,’ @ 2" Ly Rp, Bgl; = (yO 2") LF Ly Rp, Ry > 


f2 


(RyLy Lak; LpRp RyLp (Le Lx Rj, Ro) 


is an autotopism of an SE-subloop ($,@) of the S-loop (G,@) such that f and g are S- 


elements. 


Again, for an SE-subloop (S, 0), 
(voy) o(o2)=wollyor)oVa,y,2€ 8 


where 


coy=2R,' @yLl;' Vayes. 


Thus, 
(cR,* @ yL;")R;* © (e@R;* @ zL;")L;' = aR," © [(yR,' © cL;")Ry* © zl; LF". 
Replacing yn.” by y’, Oe by z’ and taking x = e in (S,@) we have 
y' Ry Ly LR,’ @ z'LgaL7z* = (y'RyeRz* © 2')L;' La. 


Again, replace 1/ RyeRz* by y” so that 


y RoR Rl; LAR, Oe Lal; = (y'O2) Ly Lyx > (RyRy Ryle LR, Ll; lz La) 


is an autotopism of an SE-subloop ($,@) of the S-loop (G,@) such that f and g are S- 


elements. 


Also, if (S,0) is an SE-subloop then, 


(yox)o(zonr)=lyo(roz)lorVa,y,zES 
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where 


coy Gh, Oyl, Vay eS. 


Thus, 


(yR,; @<L;")R,* @ (zR; @cL;")L;* = [(yR, © (@R;* © 2L,")L;")R;* @ aL; ’. 
Replacing ye by y/, 2b; by 2’ and taking x = e in (S,@) we have 
y' RyRy) ® 2 Ls Ry Rplz = (y' @ 2 Lgl; )Ry' Rye. 


Again, replace eLignbe by 2” so that 


yf RoR Oz" LiL LR Ryo Lz! = (y'@2’)Ry' Ryo => (Ryo RG! LL Ly Ry Ryo LZ’, Ry! Ryo) 


is an autotopism of an SE-subloop ($,@) of the S-loop (G,@) such that f and g are S- 
elements. 
Lastly, (S,@) is an SE-subloop if and only if (5,0) is an SM-subloop and an SCC-subloop. 


So by Theorem 4.3.2, the six remaining triples are autotopisms in (5, @). 


4.4 Universality Of Smarandache Inverse Property 
Loops 


Theorem 4.4.1 A Smarandache left(right) inverse property loop in which all its f,g- 
principal isotopes are Smarandache f,g-principal isotopes is universal if and only if it is 
a Smarandache left(right) Bol loop in which all its f, g-principal isotopes are Smarandache 


f,g-principal isotopes. 
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Proof 
Let (G,®) be a SLIPL with a SLIP-subloop (5,@). If (G,o) is an arbitrary f, g-principal 
isotope of (G, @), then by Lemma 4.1.1, (5,0) is a subloop of (G, 0) if (S,0) is a Smarandache 


f, g-principal isotope of (S,@). Let us choose all (S,0) in this manner. So, 
Peyp=2R,° @yL;* Va,yeS. 


(G, @) is a universal SLIPL if and only if every isotope (H, ®) is a SLIPL. (H, ®) is a SLIPL 
if and only if it has at least a SLIP-subloop ($,@). By Theorem 4.1.1, for any isotope 
(H, ®) of (G,@), there exists a (G,o) such that (H,®) = (G,o). So we can now choose the 
isomorphic image of (5,0) to be (5, ®) which is already a SLIP-subloop in (H, ®). So, (S, 0) 
is also a SLIP-subloop in (G,o). As shown in [72], (S,@) and its f, g-isotope(Smarandache 
f, g-isotope) (S,0) are SLIP-subloops if and only if (S,@) is a left Bol subloop(i.e a SLB- 
subloop). So, (G,@) is SLBL. 


Conversely, if (G,®) is SLBL, then there exists a SLB-subloop (S,@) in (G,&). If (G,o) 
is an arbitrary f,g-principal isotope of (G,@), then by Lemma 4.1.1, (.S,0) is a subloop of 
(G,o) if (S,0) is a Smarandache f, g-principal isotope of (S,@). Let us choose all (S,0) in 
this manner. So, 


coy=2R,' @yLly' Vayes. 


By Theorem 4.1.1, for any isotope (H, ®) of (G, &), there exists a (G,0) such that (H, ®) = 
(G,o). So we can now choose the isomorphic image of (S,0) to be (S,®) which is a SLB- 
subloop in (H,®) using the same reasoning in Theorem 4.3.1. So, (S,0) is a SLB-subloop in 
(G,o). Left Bol loops have the left inverse property(LIP), hence, (S,@) and (S,0) are SLIP- 
subloops in (G, @) and (G, 0) respectively. Thence, (G,@) and (G,o) are SLBLs. Therefore, 
(G,@) is a universal SLIPL. 


The proof for a Smarandache right inverse property loop is similar and is as follows. Let 
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(G,®) be aSRIPL with a SRIP-subloop (5,4). If (G, 0) is an arbitrary f, g-principal isotope 
of (G,®), then by Lemma 4.1.1, (S,0) is a subloop of (G, 0) if (S,o) is a Smarandache f, g- 


principal isotope of (5,@). Let us choose all (.S,0) in this manner. So, 
coy=aR7' ®yL;' Vauyes. 


(G,@®) is a universal SRIPL if and only if every isotope (H,®) is a SRIPL. (H,®) isa 
SRIPL if and only if it has at least a SRIP-subloop ($,@). By Theorem 4.1.1, for any 
isotope (H,@) of (G,®), there exists a (G,o) such that (H,®) = (G,o). So we can now 
choose the isomorphic image of (5,0) to be (S,@) which is already a SRIP-subloop in 
(H,®). So, (S,0°) is also a SRIP-subloop in (G,o). As shown in [72], (S,@) and its f,g- 
isotope(Smarandache f, g-isotope) (S,0) are SRIP-subloops if and only if (.S,@) is a right 
Bol subloop(i.e a SRB-subloop). So, (G,@) is SRBL. 

Conversely, if (G, @) is SRBL, then there exists a SRB-subloop ($,@) in (G, @). If (G, 0) 
is an arbitrary f, g-principal isotope of (G,@), then by Lemma 4.1.1, (S,0) is a subloop of 
(G,o) if (S,0) is a Smarandache f, g-principal isotope of (.5,@). Let us choose all (S,o) in 
this manner. So, 


coy=2R,' yl; Va,ye S. 


By Theorem 4.1.1, for any isotope (H,®) of (G, @), there exists a (G,o) such that (H, @) ~ 
(G,o). So we can now choose the isomorphic image of (5,0) to be (S,®) which is a SRB- 
subloop in (H,®) using the same reasoning in Theorem 4.3.1. So, (S,0) is a SRB-subloop 
in (G,o). Right Bol loops have the right inverse property(RIP), hence, (S,@) and (S, 0) 
are SRIP-subloops in (G,@) and (Go) respectively. Thence, (G,@) and (G,o) are SRBLs. 
Therefore, (G,@) is a universal SRIPL. 


Theorem 4.4.2 A Smarandache inverse property loop in which all its f, g-principal iso- 


topes are Smarandache f, g-principal isotopes is universal if and only if it is a Smarandache 
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Moufang loop in which all its f, g-principal isotopes are Smarandache f, g-principal isotopes. 


Proof 
Let (G, @) be aSIPL with a SIP-subloop (5, @). If (G,o) is an arbitrary f, g-principal isotope 
of (G, ®), then by Lemma 4.1.1, (S,0) is a subloop of (G, 0) if (S,0) is a Smarandache f, g- 


principal isotope of (S,@). Let us choose all (5,0) in this manner. So, 
roy Ssh @yL;* Va,yeS. 


(G, @) is a universal SIPL if and only if every isotope (H,®) is a SIPL. (H, ®) is a SIPL if 
and only if it has at least a SIP-subloop (S,@). By Theorem 4.1.1, for any isotope (H, ®) of 
(G, ®), there exists a (Go) such that (H, ®) = (G,o). So we can now choose the isomorphic 
image of (S,0) to be (S, ®) which is already a SIP-subloop in (H, @). So, (5,0) is also a SIP- 
subloop in (G,o). As shown in [72], (S,@) and its f, g-isotope(Smarandache f, g-isotope) 
(S,0) are SIP-subloops if and only if (S,@) is a Moufang subloop(i.e a SM-subloop). So, 
(G,®) is SML. 

Conversely, if (G,@) is SML, then there exists a SM-subloop (5,6) in (G,@). If (G,o) 
is an arbitrary f,g-principal isotope of (G,@), then by Lemma 4.1.1, (.S,0) is a subloop of 
(G,o0) if (S,0) is a Smarandache f,g-principal isotope of (S,@). Let us choose all (S,0) in 
this manner. So, 


coy=aR,' @yLl;' Vz,yeS. 


By Theorem 4.1.1, for any isotope (H, ®) of (G, &), there exists a (G,0) such that (H, ®) = 
(G,0o). So we can now choose the isomorphic image of (5,0) to be (S,@) which is a SM- 
subloop in (H,®) using the same reasoning in Theorem 4.3.1. So, (S,0) is a SM-subloop 
in (G,o). Moufang loops have the inverse property(IP), hence, (S,@) and (S,0) are SIP- 
subloops in (G,®) and (G, oc) respectively. Thence, (G,@) and (G,o) are SMLs. Therefore, 
(G,&) is a universal SIPL. 
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Corollary 4.4.1 If a Smarandache left(right) inverse property loop is universal then 


(R,Rz,, LyxRy'RyeL;", Ry! Rye) ((Ryolj Lap i L;L3, Ly Le) 


is an autotopism of an SLIP(SRIP)-subloop of the SLIPL(SRIPL) such that f and g are 


S-elements. 


Proof 
This follows by Theorem 4.4.1 and Theorem 4.4.1. 


Corollary 4.4.2 If a Smarandache inverse property loop is universal then 


(Ry Ly Lg R,*, Lp Ry RpoLy*, Le LR, Ryo), (RgL7'LyaRz*, LyRjRyeLz*, RZ RyoLz'Lga), 


(Rg LF LR RyoRy*, LL, L5' Lg), (Rg Rjo, Lp Ry Ryo LG LyL;', Ry Rye), 


(Roly La Ry, La Ry RyeLy, Ry Ryo Ly Lar), (RyoLG La Ry, Ly Ry RyoL7', Le! Lg Ry’ Ryo) 


are autotopisms of an SIP-subloop of the SIPL such that f and g are S-elements. 


Proof 


This follows from Theorem 4.4.2 and Theorem 4.3.2. 
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Chapter 5 


SMARANDACHE ISOTOPY OF 
SMARANDACHE QUASIGROUPS 
AND LOOPS 


Recall that if (Z,-) and (G, 0) are S-groupoids with S-subsemigroups L’ and G’ respectively 
such that (G’)A = L’, where A € {U,V,W}, then the isotopism 


(U,V,W) : (L,-) — (G, 0°) 


is called a Smarandache isotopism(S-isotopism). Consequently, if W = J the triple (U, V, J) 
is called a Smarandache principal isotopism. But if in addition G is a S-quasigroup with 


S-subgroup H’ such that for some f,g €¢ H, U = R, and V = Ly, and 
(Ry, Ly, I) : (G, 2 = (G, 0) 


is an isotopism, then the triple is called a Smarandache f, g-principal isotopism while f 


and g are called Smarandache elements(S-elements). 
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Thus, if U = V = W, then U is called a Smarandache isomorphism, hence we write 
(L,-) = (G,o). An S-loop (Z,-) is called a G-Smarandache loop(GS-loop) if and only if 


(L,-) = (G, 0°) for all loop isotopes(or particularly all S-loop isotopes) (G0) of (Z,-). 


5.1 Smarandache Isotopy And Isomorphy Classes 


Theorem 5.1.1 Let 6 = {(G., ou) } , be a set of distinct S-groupoids with a correspond- 
Wwe 
ing set of S-subsemigroups 9 = { (He, ou) } . Define a relation ~ on © such that for all 
wEQ 
(Gis Ou) ; (Gx Ou, ) € G, where w;,w; EQ, 


(Gis Os) ~ (6 aia) —— (Gish Op:) and (Gee) are S-isotopic. 
Then ~ is an equivalence relation on ©. 


Proof 
Let 
(Gays Ow; ) »(Guj,0w,;), (Gag, x) € G, where w;,wj,w, € 2. 


Reflexivity If J : G., — Gu, is the identity mapping, then 
rl oy, yl = (4@ oy, y) IV z,y € Gu, => the triple U7,/,1I) : (G5 Ome) = (Gy Sas) 


is an S-isotopism since 
(Hs) l= He, ¥ wy EO. 


In fact, it can be simply deduced that every S-groupoid is S-isomorphic to itself. 


Symmetry Let 
(Gu, Or.) Ps (ee Ow, ) : 
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Then there exist bijections 


U,V,W : (Giy,;°0u, } — (G0) such that (H.,) A = H,,VA€{U,V,W} 


so that the triple 


a= (U, V, W) : (Gu, Sign) ——7 (Gos Sia) 
is an isotopism. Since each of U,V, W is bijective, then their inverses 


UAVALW? + (Gajsu4) —> (Guys us) 


are bijective. In fact, 


(H.,)A"t = Hy, VA€ {U,V,W} 
since A is bijective so that the triple 


a SW): © (65585. > Gada) 


is an isotopism. Thus, 


Transitivity Let 
(oe Ou) Re (Gu, Ow,) and (Gs, Ow, ) ot (Ces Ody, js 


Then there exist bijections 


U1,Vi,W, : (Gis 8u,) — (GonSs,) and U2,V2,W2 : (Go Oe: | — (Gases Sex, ) 


such that (A. \A = H,,VA€{U1,Vi,Wi} 


a 
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and (i, \B = H,,, V B € {U2, V2, W2} so that the triples 


ay = (U1, Vi, Wi) : (Gis Os) rs (Gigs Su, ) and 
ag = (U2, V2, W2) : (Gaieus) =? (C305,) 


are isotopisms. Since each of U;, V;,W;, 1 = 1, 2, is bijective, then 
U3 = U,U2, V3 = ViV2,W3 = WiW2 + (Gu,,0u;,) —> (Gog, wy) 


are bijections such that 


so that the triple 


a3 = 12 = (U3, V3,W3) : (Gis5Sis:) ae (Gs5 Sue} 


is an isotopism. Thus, 


(Gag Ou) vo (Gur: O15,) : 


Remark 5.1.1 As a follow up to Theorem 5.1.1, the elements of the set 6/ ~ will be 
referred to as Smarandache isotopy classes(S-isotopy classes). Similarly, if ~ meant ”S- 
isomorphism” in Theorem 5.1.1, then the elements of 6/ ~ will be referred to as Smaran- 
dache isomorphy classes(S-isomorphy classes). Just like isotopy has an advantage over iso- 


morphy in the classification of loops, so also S-isotopy will have advantage over S-isomorphy 


in the classification of S-loops. 


Corollary 5.1.1 Let L,, SL, and NSCL,, be the sets of; all finite loops of order n; all finite 


S-loops of order n and all finite non S-loops of order n respectively. 
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1. If A? and B? represent the isomorphy class of L, and the S-isomorphy class of SLy 
respectively, then 
(a) |SLn| + |NSLz| = Lal; 
(i) |SL5| + |MSL5| = 56, 
(ii) |SL6_| + |NSL6| = 9,408 and 
(iii) |SL7| + |NSLz| = 16, 942, 080. 
(b) |NSLr| = dia IAP — Doin (BPI 
(i) INSL5] = Di 7] — Din |B, 
(ii) IWSL6] = D2) AP] — i [BP and 
(iii) IWSLz| = Deal AT — Dian IBF 
2. If A” and B? represent the isotopy class of Ly, and the S-isotopy class of SL» respec- 


tively, then 
WSLn| = > El — DIB? 
i=1 i=1 


(i) IVSL5| _ a | 20? | _ ee (S32, 
(ii) |INSLo] = 21 [28] — Das [BE and 
(iii) INSL| = eas [207 | _ et |B]. 


1=1 


Proof 
An S-loop is an S-groupoid. Thus by Theorem 5.1.1, we have S-isomorphy classes and 


S-isotopy classes. Recall that 


but 
SL, ( \NSL, = 0 80 [Ln| = |SLn| + IN SL,|. 
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As stated and shown in [72], [37], [24] and [66], the facts in Table 5.1 are true where n is the 


order of a finite loop. Hence the claims follow. 


n 5 6 7 
[Ln| 56 9, 408 | 16, 942, 080 
{ APE | = 6 |’ = 100: | k= 23-746 
qe es | ees 22 | a 4 


Table 5.1: Enumeration of Isomorphy and Isotopy classes of finite loops of small order 


Question 5.1.1 How many S-loops are in the family L,? That is, what is |SL,,| or |NSL|. 


Theorem 5.1.2 Let (G,-) be a finite S-groupoid of order n with a finite S-subsemigroup 
(H,-) of order m. Also, let 


ISOT(G,-), SISOT(G,-) and NSISOT(G,-) 


be the sets of all isotopisms, S-isotopisms and non S-isotopisms of (G,-). Then, 


TSOT(G,-) is a group and STSOT(G,-) < ITSOT(G,-). 


Furthermore: 
1. |ZSOT(G,-)| = (n!); 


2 NSLSOT(G;)| (nls; 


3. INSISOT(G,-)| = (n!)3 — (ml). 


Proof 


1. This has been shown to be true in [Theorem 4.1.1, [29]]. 
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2. An S-isotopism is an isotopism. So, STSOT(G,-) C TSOT(G,-). Thus, we need to 
just verify the axioms of a group to show that STSOT(G,-) < ZSOT(G,-). These 
can be done using the proofs of reflexivity, symmetry and transitivity in Theorem 5.1.1 


as guides. For all triples 
a € STSOT(G,-) such that a = (U,V,W) : (G,-) — (G,9), 


where (G,-) and (G, 0) are S-groupoids with S-subgroups (H,-) and (K,o) respectively, 


we can set 
U' :=U|y, V' := Vy and W' := W|y since A(H) = K V Ae {U,V,W}, 


so that STSOT(H,-) = {(U',V'’,W’)}. This is possible because of the following 


arguments. 


Let 
em {F' ly | f:@—G, f:H — K is bijective and f(H) =a 


Let 
SY M(H, Kk) = {bijections from H unto K}. 


By definition, it is easy to see that X C SY M(H, kK). Now, for all U € SY M(H, kK), 
define U : H® —>+ K*sothat U : G —> Gis a bijection since |H| = |K| implies 
|H°| = |K¢|. Thus, SY M(H, K) CX so that SY M(H, K) =X. 


Given that |H| =m, then it follows from (1) that 


IZSOT (H, -)| = (m!)® so that |STSOT(G, -)| = (m!)* since SY M(H, K) = X. 
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NSTISOT(G,-) = (STSOT(G,:))°. 


So, the identity isotopism 
(1,1, 1) ¢ NSTSOT(G,-), hence NSTSOT(G,-) £ TSOT(G,.:). 


Furthermore, 


INSISOT(G,-)| = (n!)? — (ml)*. 


Corollary 5.1.2 Let (G,-) be a finite S-groupoid of order n with an S-subsemigroup (H,-). 
If LSOT(G,-) is the group of all isotopisms of (G,-) and S,, is the symmetric group of degree 
n, then 


TSOT (GAS SMES. 


Proof 

As concluded in [Corollary 1, [29]], ZSOT(G,-) = 5, x S, x S,. Let PZSOT(G,-) be the 
set of all principal isotopisms on (G,-). PZSOT(G,-) is an S-subgroup in ZSOT(G, -) while 
Sn X Sy X {I} is an S-subgroup in S, x S, x Sy. If 


Y : ZTSOT(G,-) — S, x S, x Sy, is defined as 


T((A, B,D) =< A,B,I> V(A,B,D €ISOT(G,,), 


then 
T(PISOT(G, ) SOS AT, ge ESOTIC DS Ae e8.. 
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5.2 Smarandache f,g-Isotopes Of Smarandache Loops 
Theorem 5.2.1 Let (G,-) and (H,*) be S-groupoids. If (G,-) and (H,*) are S-isotopic, 
then (H, x) is S-isomorphic to some Smarandache principal isotope (G,o) of (G,-). 


Proof 
Since (G,-) and (H, *) are S-isotopic S-groupoids with S-subsemigroups (G,-) and (Aj, *), 


then there exist bijections U,V,W : (G,-) — (H,*) such that the triple 
a= (U,V,W) : (G,-) — (4,*) is an isotopism and (G,) A = H, V A € {U,V,W}. 


To prove the claim of this theorem, it suffices to produce a closed binary operation ’o’ on G, 


bijections X,Y : G— G, and bijection Z : G— H so that 
e the triple G = (X,Y,J) : (G,-) — (G,0) is a Smarandache principal isotopism and 
e Z : (G,o) — (A, *) is an S-isomorphism or the triple y = (Z,Z,Z) : (G,o) - (H, *) 
is an S-isotopism. 


Thus, we need (G,o) so that the commutative diagram below is true: 


(G,-) (G,o) ——. (H,*) 


principal isotopism isomorphism isotopism 


(G; ‘) 


because following the proof of transitivity in Theorem 5.1.1, a = ($y which implies 
(U,V,W) = (XZ,YZ,Z) and so we can make the choices; Z = W, Y = VW71, and 


X =UW™ and consequently, 


gc -y=tUWtoVW &> voy=2WU'-yWV'V 2,y EG. 


Hence, (G,o) is a groupoid principal isotope of (G,-) and (H, *) is an isomorph of (G, 0). It 


remains to show that these two relationships are Smarandache. 
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Note that ((H,)Z~!,0o) = (G1,0) is a non-trivial subsemigroup in (G,o). Thus, (G, 0) 
is an S-groupoid. So (G,o) = (H,*). (G,-) and (G,o) are Smarandache principal isotopes 


because 


(G,;)UW—! = (H,)W~! = (H,)Z“! = G, and (G1) VW! = (H,)W! = (A,)Z71 = G4. 


Corollary 5.2.1 Let (G,-) be an S-groupoid with an arbitrary groupoid isotope (H,*). Any 
such groupoid (H,*) is an S-groupoid if and only if all the principal isotopes of (G,-) are 


S-groupoids. 


Proof 

By classical result in principal isotopy [[72], III.1.4 Theorem], if (G,-) and (H, *) are isotopic 
groupoids, then (H,*) is isomorphic to some principal isotope (G,o) of (G,-). Assuming 
(H,*) is an S-groupoid then since (H,*) = (G,0), (G,o) is an S-groupoid. Conversely, let 
us assume all the principal isotopes of (G,-) are S-groupoids. Since (H,*) = (G,o), then 


(H, *) is an S-groupoid. 


Theorem 5.2.2 Let (G,-) be an S-quasigroup. If (H,*) is an S-loop which is S-isotopic to 
(G,-), then there exist S-elements f and g so that (H,*) is S-isomorphic to a Smarandache 


f,g principal isotope (G,o) of (G,-). 


Proof 

An S-quasigroup and an S-loop are S-groupoids. So by Theorem 5.2.1, (H, *) is S-isomorphic 
to a Smarandache principal isotope (G,o) of (G,-). Let a = (U,V,I) be the Smarandache 
principal isotopism of (G,-) onto (G,o0). Since (H, *) is a S-loop and (G,0) = (H, *) implies 


that (G,o) = (H, *), then (G, 0) is necessarily an S-loop and consequently, (G, 0) has a two- 


sided identity element say e and an S-subgroup (G2,0). Let a = (U,V, J) be the Smarandache 
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principal isotopism of (G,-) onto (G,o). Then, 


rUoyV=a-yV2,yeGss roy=2U}-wWiiV2yeG. 


So, 


y =eoy =eU hy 1 =yV 1Ley-1 Vy € Ganda = roe = 2U eV 1 = 2U I Rey-3Ve €G. 


Assign f =eU~',g =eV—! € Gg. This assignments are well defined and hence V = Ly and 
U = R,. So that a = (Ry, Ly, I) is a Smarandache f,g principal isotopism of (G,o) onto 


(G,-). This completes the proof. 


Corollary 5.2.2 Let (G,-) be an S-quasigroup(S-loop) with an arbitrary groupoid isotope 
(H,*). Any such groupoid (H,*) is an S-quasigroup(S-loop) if and only if all the principal 


isotopes of (G,-) are S-quasigroups(S-loops). 


Proof 
This follows immediately from Corollary 5.2.1 since an S-quasigroup and an S-loop are S- 


groupoids. 


Corollary 5.2.3 If (G,-) and (H,*) are S-loops which are S-isotopic, then there exist S- 
elements f and g so that (H,*) is S-isomorphic to a Smarandache f,g principal isotope 


(G, 0) of (G, ae 


Proof 


An S-loop is an S-quasigroup. So the claim follows from Theorem 5.2.2. 
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5.3. G-Smarandache Loops 


Lemma 5.3.1 Let (G,-) and (H,*) be S-isotopic S-loops. If (G,-) is a group, then (G,-) 


and (H,*) are S-isomorphic groups. 


Proof 

By Corollary 5.2.3, there exist S-elements f and g in (G,-) so that (H,*) = (G,o) such 
that (G,o) is a Smarandache f,g principal isotope of (G,-). | Let us set the mapping 
W~i= Rpg = Rpg : G— G. This mapping is bijective. Now, let us consider when 
w:= Rpg : (G,-) > (G,9). Since (G,-) is associative and xo y = a -yLe" Vau,y €G, 


the following arguments are true. 


ap oy = apRz- ypl7' = aRygRZ-y Rplz = 


afg-g'-f-y- fg=a-y- fg =(x-y)Ryg =(a-ybV x,y €G. 


So, (G,-) = (G,o). Thus, (G,o) is a group. If (G,,-) and (G;,0) are the S-subgroups in 
(G, -) and (G,o), then ((Gi,-)) Ry, = (Gi,0). Hence, (G,-) = (G,0). 


*. (G,-) = (A, *) and (H, *) is a group. 


Corollary 5.3.1 Every group which is an S-loop is a GS-loop. 


Proof 


This follows immediately from Lemma 5.3.1 and the fact that a group is a G-loop. 


Corollary 5.3.2 An S-loop is S-isomorphic to all its S-loop S-isotopes if and only if it 1s 


S-isomorphic to all its Smarandache f,g principal isotopes. 
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Proof 

Let (G,-) be an S-loop with arbitrary S-isotope (H,*). Let us assume that (G,-) = (H, +). 

From Corollary 5.2.3, for any arbitrary S-isotope (H, *) of (G,-), there exists a Smarandache 

f,g principal isotope (Go) of (G,-) such that (H,*) = (G,0). So, (G,-) = (G, 9). 
Conversely, let (G,-) = (G,0), using the fact in Corollary 5.2.3 again, for any arbitrary 

S-isotope (H,*) of (G,-), there exists a Smarandache f,g principal isotope (G,o) of (G,-) 

such that (G,o) = (H, x). Therefore, (G,-) = (H, x). 


Corollary 5.3.3 A S-loop is a GS-loop if and only if it 1s S-isomorphic to all its Smaran- 


dache f,g principal isotopes. 


Proof 


This follows by the definition of a GS-loop and Corollary 5.3.2. 


val 


Chapter 6 


SMARANDACHE BRYANT 
SCHNEIDER GROUP OF 
SMARANDACHE LOOPS 


6.1 Smarandache Special Maps 


Definition 6.1.1 Let (G,-) be a Smarandache loop with S-subgroup (H,-). A mapping 0 € 
SSY M(G,-) is a Smarandache special map(S-special map) for G if and only if there exist 
fg € Hf such that 

(OR, *,0L;",0) € AUT(G,,). 


Definition 6.1.2 Let the set 
SBS(G,-)={9€ SSYM(G,-) : there exist f,geEH > (OR, *,0L;*,0) € AUT(G,-)} 


i.e the set of all S-special maps in a S-loop, then SBS(G,-) is called the Smarandache 
Bryant-Schneider group(SBS group) of the S-loop (G,-) with S-subgroup H if SBS(G,-) < 


92 


SYM(G,-). 


Definition 6.1.3 Let (G,-) be a Smarandache loop with an S-subgroup H. 


Q(G,-) = {01 0071,0) € AUT(G,:) for some f,geH : hAegHVheE ih, 


6.2 The Smarandache Bryant Schneider Group 


Theorem 6.2.1 Let (G,-) be a Smarandache loop. SBS(G,-) < BS(G,-). 


Proof 

Let (G,-) be an S-loop with S-subgroup H. Comparing the definition of the Bryant-Schneider 
group of a loop and Definition 6.1.2, it can easily be observed that SBS(G,-) C BS(G,-). 
The case SBS(G,-) C BS(G,-) is possible when G = H where H is the S-subgroup of G 


but this will be a contradiction since G is an S-loop. 

Identity If J is the identity mapping on G, then hI =h € HVh€ H and there exists e € H 
where e is the identity element in G such that (IRz!,IL71,1) = (1,1, 1) « AUT(G,-). 
So, J € SBS(G,-). Thus SBS(G,-) is non-empty. 


Closure and Inverse Let a,@ € SBS(G,-). Then there exist f1, 91, fo, g2 € H such that 


A= (aR;," 


gi? 


aL5),a), B= (8R;),6L;),8) € AUT(G,.). 


ABT = (aR,," aL, oO rte 6 ier Ly", 3) 


gi? 


= (aR7 Ry G7, aL; Lp 6, a6!) € AUT(G,.). 


Let 6 = Bho He * and y = BL) Lp. Then, 


(a4, a3-1y, a6-1) € AUT(G, -) & (vaB-18) - (ya87'y) = (w-yaB1V 2,y €G. 
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Putting y = e and replacing x by rGaq', we have (xd) - (eaB~!y) = = for all x € G. 
Similarly, putting « = e and replacing y by yGa7!, we have (ea3~1d) - (yy) = y for all 
y ©G. Thence, 76 R(eqg-1y) = © and yyL(eag-15) = y Which implies that 


-1 


o=R (ea3—16)* 


Gho-ty and y= Z 


Thus, since g = eaB-ly, f =eaB—'6 € H then 


AB™ = (af R;*,a8-'L;*, a8") € AUT(G,-) @ a8" € SBS(G,.). 
g f 


+, SBS(G,-) < BS(G,:). 


Corollary 6.2.1 Let (G,-) be a Smarandache loop. Then, SBS(G,-) < SSYM(G,-) < 
SY M(G,-). Hence, SBS(G,-) is the Smarandache Bryant-Schneider group(SBS group) of 
the S-loop (G,-). 


Proof 
Although the fact that SBS(G,-) < SY M(G,-) follows from Theorem 6.2.1 and the fact in 
[Theorem 1, [77]] that BS(G,-) < SY M(G,.-). Nevertheless, it can also be traced from the 
facts that 

SBS(G,-) < SSY M(G,-) and SSY M(G,-) < SY M(G,-). 


It is easy to see that 
SSY M(G,-) C SY M(G,-) and that SBS(G,-) C SSY M(G,-) 
while the trivial cases 


SSY M(G,-) C SYM(G,-) and SBS(G,-) C SSYM(G,) 
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will contradict the fact that G is an S-loop because these two are possible if the S-subgroup 
H is G. Reasoning through the axioms of a group, it is easy to show that SSY M(G,-) < 


SY M(G,-). By using the same steps in Theorem 6.2.1, it will be seen that SBS(G,-) < 


SSYM(G,.). 


6.3. The SBS Group Of A Smarandache f, g-Principal 
Isotope 


Theorem 6.3.1 Let (G,-) be a S-loop with a Smarandache f,g-principal isotope (G,°). 
Then, (G,0) is an S-loop. 


Proof 
Let (G,-) be an S-loop, then there exist an S-subgroup (H,-) of G. If (G,0) is a Smarandache 


f, g-principal isotope of (G,-), then 
x:-y=xR,oyLly V x,y € G which implies x0 y =o ye" Vu,yeG 
where f,g € H. So 
hy ohg = hy Ry! . hoLe? V hi, ho € H for some f,g € H. 


Let us now consider the set H under the operation ”o”. That is the pair (H, 0°). 


Groupoid Since f,g € H, then by the definition 
hy oh z= hy R,! : hoL¥", hjohsze HV hy, he CH 


since (H,-) is a groupoid. Thus, (H, 0°) is a groupoid. 
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Quasigroup With the definition 
hy ie) ho = hy R;* : hoe" Vv hy, he E A, 


it is clear that (H,o) is a quasigroup since (H,-) is a quasigroup. 
Loop It can easily be seen that f -g is an identity element in (H,°o). So, (H,°) is a loop. 
Group Since (H,-) is associative, it is easy to show that (H, 0) is associative. 


Hence, (H,0) is an S-subgroup in (G, 0) since the latter is a loop(a quasigroup with identity 


element f -g). Therefore, (G,0) is an S-loop. 


Theorem 6.3.2 Let (G,-) be a Smarandache loop with an S-subgroup (H,-). A mapping 
06 € SY M(G,-) is a S-special map if and only if @ is an S-isomorphism of (G,-) onto some 


Smarandache f, g-principal isotopes (G,o) where f,g € H. 


Proof 
By Definition 6.1.1, a mapping 0 € SSY M(G) is a S-special map implies there exist f,g € H 
such that (0R;', OL", 0) € AUT(G,-). It can be observed that 


(9R,*,OL;", 0) = (6,0, 0)(R,*, L;', 1) € AUT(G,:). 
But since 
(R51, L7',D) + (G,o) — (G,-) then for (@Rz1, 0L;1,9) € AUT(G, -) 
we must have 


7) 


(0,0,0) : (G,-) —> (G,o) which means (G,-) = (G,0), 
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hence 
(G,-) = (G,o) because (H,+)0 = (H,0). (Ry, Ly, 1) + (G,-) — (G,0) 


is an f,g-principal isotopism so (Go) is a Smarandache f, g-principal isotope of (G,-) by 
Theorem 6.3.1. 
Conversely, if @ is an S-isomorphism of (G,-) onto some Smarandache f, g-principal iso- 


topes (G,o) where f,g € H such that (H,-) is a S-subgroup of (G,-) means 
(O5030).% (G52) S(O) yl Moliey tl) & (G2) = (Gy) 


which implies 


(Ryley!) : (G,o) oat Gc *) and (H,-)@= (7,0). 
Thus, (9R-',0L;',0) € AUT(G,-). Therefore, 6 is a S-special map because f,g € H. 
9g f 


Corollary 6.3.1 Let (G,-) be a Smarandache loop with a an S-subgroup (H,-). A mapping 
6 € SBS(G,-) if and only if 0 is an S-isomorphism of (G,-) onto some Smarandache f,g- 


principal isotopes (G,o) such that f,g € H where (H,-) is an S-subgroup of (G,-). 


Proof 


This follows from Definition 6.1.2 and Theorem 6.3.2. 


Theorem 6.3.3 Let (G,-) and (G,0) be S-loops. (G,o) is a Smarandache f,g-principal 


isotope of (G,-) if and only if (G,-) is a Smarandache g, f-principal isotope of (G,°). 


Proof 
Let (G,-) and (G,o) be S-loops such that if (H,-) is an S-subgroup in (G,-), then (H, 0) 
is an S-subgroup of (G,o). The left and right translation maps relative to an element x in 


(G,0) shall be denoted by £, and R, respectively. 
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If (G,o) is a Smarandache f, g-principal isotope of (G,-) then, 
x-y=<xR,oyLls V z,y € G for some f,g € H. 


Thus, 


rRy =cRgRyx, and yLe = yLsler,, T,yEG 


and we have 


Ry = RyRy; and Ly, = Le lers; LYE G. 


So, 
Ry= Re Ry aN ea Ly Lipo, x,yeG. 


Putting y = f and x = g respectively, we now get 
oT = Zi = 
Ry=R, Appa = Ry and £L, = Ly Lorot = Ls : 


That is, 
R= dive and L, = L;* for some f,g € H. 


Recall that 
Ley Th oyley ay eG Ss coy=2R,*-yL;" Vau,yeG. 
So using the last two translation equations, 
xoy=atRz-yl,V2x,yeG = the triple (R;,£,,1) : (G,o) — (G,-) 


is a Smarandache g, f-principal isotopism. Therefore, (G,-) is a Smarandache g, f-principal 


isotope of (G, 0). 
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The proof of the converse is achieved by doing the reverse of the procedure described 


above. 


Theorem 6.3.4 If (G,-) is an S-loop with a Smarandache f, g-principal isotope (G, 0), then 
SBS(G,-) = SBS(G,0°). 


Proof 

Let (G,o) be the Smarandache f, g-principal isotope of the S-loop (G,-) with S-subgroup 
(H,-). By Theorem 6.3.1, (G,o) is an S-loop with S-subgroup (H,o). The left and right 
translation maps relative to an element x in (G, 0) shall be denoted by £, and R, respectively. 


Let a € SBS(G,-), then there exist f1,9: € H so that 


(aR-* 


gi? 


aL;,,a) € AUT(G,:). 


Recall that the triple 
(Bets Lyi I) : (G, ‘) ——2* (G, 0) 


is a Smarandache f, g-principal isotopism, so 
22 Y= Zh, OYLEY ay eG 
and this implies 
Ry = RgRex; and Lz = Ly£Ler, V « € G which also implies that 


Rit; = Ry Re and Lrr, = L;* Le VY x € G which finally gives 
R= Ry Rapa and Lp = L7'LapaVaceG. 
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Set 
f= fon Re and go = gabe Ly. 


Then 


R= Ry Ratz L517! aes ee (6.1) 


gals, 


and Ly = LF! Learciz,rst = LF Lyarci Ve € G. (6.2) 


Since, (wR;',aL;",a) € AUT(G,-), then 
(caR;') - (yaL;,") =(x-ylaVaz,yeG. (6.3) 


Putting y = g and x = f separately in the last equation, 


ORG Rgatz) = £R,a and yal Lgarc%) =yLraV z,y €G. 


Thus by applying (6.1) and (6.2), we now have 


=i = 1 = = ee 
aR = Bg cies = Rh,ak,, Ry and aly = Dolpa pcty = Lal, LF. (6.4) 


We shall now compute (x o y)a@ by (6.3) and (6.4) and then see the outcome. 


(xoy)a= (cH -yL;")a =2R, ‘aR; -yLytal;! = 
aR, RyaR;, Rj’: yLz Lal; Ly" = 
taR,, R,* . yol;, L5" = taR,, fo) yal, Vau,yeG. 
Thus, 
(roy)a= taR;, O yal, V2,yEeGs (aR, aly, a) € AUT(G,0) sa € SBS(G,°). 


g2? 
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Whence, SBS(G,-) C SBS(G, 0°). 


Since (G, 0) is the Smarandache f, g-principal isotope of the S-loop (G,-), then by The- 
orem 6.3.3, (G,-) is the Smarandache g, f-principal isotope of (G,o). So following the steps 
above, it can similarly be shown that SBS(G,o) C SBS(G,-). Therefore, the conclusion 
that SBS(G,-) = SBS(G,°) follows. 


6.4 Cardinality Formulas 


Theorem 6.4.1 Let (G,-) be a finite Smarandache loop with n distinct S-subgroups. If the 


SBS group of (G,-) relative to an S-subgroup (H;,-) is denoted by SBS;(G,-), then 
IBS(G => |SBS;,(G,-)| [BS(G,-) : SBS;,(G,-)]. 


Proof 
Let the n distinct S-subgroups of G be denoted by H;, 7 = 1,2,---n. Note here that 
Hey He Vg = 1,2,°+'n:. By Theorem’6.2:1) SBS(G,:)< BS(G;:). Via = 1,2,6n: 


Hence, by the Lagrange’s theorem of classical group theory, 
Thus, adding the equation above for all i = 1,2,---n, we get 
n|BS(G,:)| = 3 |SBS;(G,-)| [BS(G,-) : SBS;,(G,-)] Vi =1,2,---n, thence, 
IBS(G => |SBS,(G,-)| [BS(G,-) : SBS,(G,-)]. 


Theorem 6.4.2 Let (G,-) be a Smarandache loop. Then, Q(G,-) < AUT(G,-). 
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Proof 
Let (G,-) be an S-loop with S-subgroup H. By Definition 6.1.3, it can easily be observed 
that Q(G,-) C AUT(G,-). 


Identity If J is the identity mapping on G, then hI = h € H Vh € H and there exists 


e € H where e is the identity element in G such that 
(IR,',1L,',1 = (U,1,1) € AUT(G,-). 


So, (J, 1,1) € Q(G,-). Thus 0(G, -) is non-empty. 


Closure and Inverse Let A,B € ((G,-). Then there exist a, 3 € SSY M(G,-) and some 


fi, 91; f2; 92 € H such that 


A=(aR;" 


gi? 


aL;',a), B= (@R;,,6L7,,8) € AUT(G,.). 


ABS (aR; aly, a) Gee. Lee s~) 


= (aR; Ry G, aL; Lp,8-!, 08-1) € AUT(G,.). 


Using the same techniques for the proof of closure and inverse in Theorem 6.2.1 here 
and by letting 
J= BR, Ry 3 * and y= BL7'L,8", 


it can be shown that, 


AB™ = (a8 Ry; * a8 *L5*, a8 ') € AUT(G,-) where g = eaG'y, f =eaB'6 CH 
such that aG~' € SSY M(G,-) 6 AB™ € X(G,-). 


“ AG,-) < AUT(G,). 


102 


Theorem 6.4.3 Let (G,-) be a Smarandache loop with an S-subgroup H such that f,g © H 
anda € SBS(G,-). If the mapping 


® : Q(G,-) —+ SBS(G,-) is defined as ® : (aR,*,aL;",a) > a, 


then ® is an homomorphism. 


Proof 
Let A,B € Q(G,-). Then there exist a,@ € SSY M(G,-) and some fi, 91, fo, g2 € H such 
that 

A=(aR," 


gi? 


aL;,a), B= (8R,,,6L7,,8) € AUT(G,.). 


&(AB) = O[(aRz}, aL;', a)(8R;), 6L7), B)] = 


gi? g2? fo? 


O(aR, SR, aL; BL;,, a3). 
It will be good if this can be written as; 
®(AB) = ®(a06, aBy, a3) such that haBe HV hE H 


and $6 = Bisa ee L;* for some g, f € H. 


This is done as follows: If 


aR BR", aL; BL", a8) = (a86,a8),a8) € AUT(G, -) then, 
ca g2 fi fo 


rahe -yaBby =(x&-yabVz,yEG. 
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Put y =e and replace x by x3-'a~! then 


-1 
£0 -eapy=2O0 = Rezgy- 


Similarly, put 2 = e and replace y by y@~'a~!. Then, 
eaBd-yy¥=yeSy= es 
So, 


®(AB) = (aBReg 94) UBL ea 95: 08) = 08 = B(aR;', aL;', a) ®(BR;,, BL;,, 8) = &(A)O(B). 


g2? 


“. ® is an homomorphism. 


Theorem 6.4.4 Let (G,-) be a Smarandache loop with an S-subgroup H such that f,g € H 
anda € SSY M(G,-). If the mapping 


® : Q(G,-) —+> SBS(G,-) is defined as ® : (aRj*,aL;*, a) b> a 
then, 
A= (aR;', aL", a) € ker ® if and only if a 


is the identity map on G, g- f ts the identity element of (G,-) and g € N,(G,-) the middle 


nucleus of (G,-). 


Proof 


Necessity ker ® = {A € Q(G,-) : ®(A) = J}. So, if 


A=(aR;" 


gi? 


aL5,", a) € ker ®, then (A) =a =I. 
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Thus, A = (Rj, L;',1) € AUT(G,-) © 
Pak, yl, Vau,yeG. (6.5) 
Replace x by «R, and y by yLy in (6.5) to get 
x-y=2rg-fyVuyeG. (6.6) 
Putting s = y =e in (6.6), we get g- f =e. Replace y by yL;* in (6.6) to get 
a-yLe =ag-yV a,y eG. (6.7) 
Put x =e in (6.7), then we have yL;* =g-yVy€G and so (6.7) now becomes 


z-(gy)=ag-yV2t,yEeGoegeN,(G,:). 


Sufficiency Let a be the identity map on G, g- f the identity element of (G,-) and g € 
N,(G,-). Thus, fg-f =f-gf = fe =f. Thus, f-g =e. Then also, y = fg-y = 


f-gyV y €G which results into yL;* = gyVy€G. Thus, it can be seen that 


taR;" - yal" = vR,' : y LF" = tR,\a . yLyra = 


Thus, 
6(A) = ®(aRj',aL;',a) = ®(R,*, L7', 1D) =1> A€ ker. 


Theorem 6.4.5 Let (G,-) be a Smarandache loop with an S-subgroup H such that f,g © H 
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anda €é SSY M(G,-). If the mapping 
® : Q(G,-) —+ SBS(G,-) is defined as ® : (aR;',aL;",a) b> a 
then, 
|Nu(G, -)| = | ker ®| and |Q(G, -)| = |SBS(G, -)||Nu(G, -)]. 
Proof 
Let the identity map on G be J. Using Theorem 6.4.4, if 


g9 = (Rj, L741,1) Vg © N,(G,-) then, @ : N,(G,-) — ker 6. 


6 is easily seen to be a bijection, hence |N,,(G,-)| = | ker ®]. 
Since ® is an homomorphism by Theorem 6.4.3, then by the first isomorphism theorem 
in classical group theory, 


Q(G,-)/ker ® = Im®. 


® is clearly onto, so Im® = SBS(G,-), so that Q(G,-)/ker@ = SBS(G,-). Thus, 
|Q(G, -)/ ker ®| = |SBS(G,-)|. By Lagrange’s theorem, 


IQ(G, +)] = | ker &|[Q(G, -)/ ker ®], 
so, 
IQ(G, +)| = [ker @SBS(G,+)], . [Q(G,-)| = [Nu(G, -)I]S-BS(G, -)]. 
Theorem 6.4.6 Let (G,-) be a Smarandache loop with an S-subgroup H. If 


O(G,-) = {(f.9) €Hx H : (Go) £(G,) 
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for (G,o) the Smarandache principal f, g-isotope of (G, )} then, 


IQ(G, -)| = |O(G, [SAU M(G, -)]. 


Proof 
Let A,B € Q(G,-). Then there exist a,@ € SSY M(G,-) and some fi, 91, fo, g2 € H such 
that 


A= (aR;',aL;",0), B = (GR; 6L;,, 8) € AUT(G,.). 


gi? g2? 


Define a relation ~ on ((G,-) such that 
Aw B => fi = fo and 91 = 9. 


It is very easy to show that ~ is an equivalence relation on 2(G,-). It can easily be seen 


that the equivalence class [A] of A € Q(G,-) is the inverse image of the mapping 


VW : O(G,-) — O(G,-) defined as UV : (aRz',aL;',a) & (fig). 


gm? fi? 


If A, B € Q(G,-) then V(A) = U(B) if and only if (fi, 91) = (fo, ge) so, fi = fo and gi = gp. 
Thus, since Q(G,-) < AUT(G,-) by Theorem 6.4.2, then 


AB™ = (aR), 0L;},0)(8R;,, BL; 8)" = (Rg) RB ob; Ly,8"*, 08-1) = 


gi? 


(a8', a8", a8") € AUT(G,-) 6 a8" € SAUM(G,-). 


So, 
An~B<= >a"! € SAUM(G,-) and (f1, 91) = (fo, 92). 
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. |[A]| = |SAUM(G,-)|. But each 
A= (aR7*,aL;"*,a) E€ Q(G,-) 


is determined by some f,g € H. So since the set {1A] > AE YG, )} of all equivalence 


classes partitions 2(G,-) by the fundamental theorem of equivalence relation, 


JA(G,)\|= So |All = So |SAUM(G,»)| = |0(G,)||SAUMG,)]. 


f.geH f,.geH 


*. |Q(G, -)| = [O(G, -)||SAU M(G, »)]. 


Theorem 6.4.7 Let (G,-) be a finite Smarandache loop with a finite S-subgroup H. (G,-) 


is S-isomorphic to all its S-loop S-isotopes if and only if 
(HZ, -)P|SAUM(G,-)| = |SBS(G,-)||N,(G,-)]. 


Proof 
As shown in [Corollary 5.2, [44]], an S-loop is S-isomorphic to all its S-loop S-isotopes if and 
only if it is S-isomorphic to all its Smarandache f,g principal isotopes. This will happen if 
and only if H x H = O(G,-) where O(G,-) is as defined in Theorem 6.4.6. 

Since O(G,-) C H x H then it is easy to see that for a finite Smarandache loop with 
a finite S-subgroup H, H x H = O(G,-) if and only if |H|? = |O(G,-)|. So the proof is 


complete by Theorem 6.4.5 and Theorem 6.4.6. 


Corollary 6.4.1 Let (G,-) be a finite Smarandache loop with a finite S-subgroup H. (G,-) 


is a GS-loop if and only if 


|(H, -)P|SAUM(G,-)| = |SBS(G,-)IINL(G,-)]. 
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Proof 
This follows by the definition of a GS-loop and Theorem 6.4.7. 


Lemma 6.4.1 Let (G,-) be a finite GS-loop with a finite S-subgroup H and a middle nucleus 


|SBS(G, -)| 


(AL) = ING, -)| = (A, = iSAUM(G,-)) 


Proof 


From Corollary 6.4.1, 
|(H,-)?|SAUM(G, -)| = |SBS(G,-)||N,.(G,-)]. 


Necessity If |(H,-)| = |N,,(G,-)|, then 


|SBS(G, -)| 


Mg PAG NS Cae) Ne aay.) 


Sufficiency If |(H,-)| = gaan then, |(H,-)||SAUM(G, -)| = |SBS(G,-)|. Hence, mul- 


tiplying both sides by |(H, -)|, 
(HZ, -)P|SAUM(G, -)| = |SBS(G,-)||(4,-)I- 
So that 


ISBS(G, -)I|Nu(G, -)| = |SBS(G, -)I(A,)| => |, -) 


I 
= 
iS 


Corollary 6.4.2 Let (G,-) be a finite GS-loop with a finite S-subgroup H. If |N,(G,-)| 2 1, 
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then, 


_ |SBS(G,-)| 
~ |SAUM(G,-)| 


(A +) ~ |SAUM(G,»)| 


. Hence, |(G,-)| 


for some n 2 1. 


Proof 
By hypothesis, {e} # H # G. In a loop, N,(G,-) is a subgroup, hence if |N,(G,-)| 2 1, 
then, we can take 
(H,-) = N,(G,-) so that |(H,-)| = |N.(G,-)|. 
Thus by Lemma 6.4.1, 


_ |SBS(G,-)| 
~ |SAUM(G,:)|’ 


(A, *)| 


As shown in [Section 1.3, [37]], a loop L obeys the Lagrange’s theorem relative to a 
subloop H if and only if H(ha) = H= for all x € L and for all h € H. This condition is 
obeyed by N,,(G,-), hence 


(4 (C1 Bapae |= 
there exists n € N such that 


But if n = 1, then |(G,-)| = |(4,-)| = > (G,-) = (4,-) hence (G,-) is a group which is a 
contradiction to the fact that (G,-) is an S-loop. 


NGO eaoMG, I 


for some natural numbers n 2 ale 


110 


Bibliography 


[1] J. O. Adeniran (2005), On holomorphic theory of a class of left Bol loops, Al.1.Cuza 51, 
1, 23-28. 


[2} J. O. Adeniran (2002), The study of properties of certain class of loops via their Bryant- 


Schneider group, Ph.D thesis, University of Agriculture, Abeokuta. 


[3] J. O. Adeniran (2003), Some properties of the Bryant-Schneider groups of certain Bol 
loops, Proc. Jangjeon Math. Soc. 6, 1, 71-80. 


[4] J. O. Adeniran (2002), More on the Bryant-Schneider group of a conjugacy closed loop, 
Proc. Jangjeon Math. Soc. 5, 1, 35-46. 


[5] J. O. Adeniran (1999), On the Bryant-Schneider group of a conjugacy closed loop, Sci- 
entific Annals of Al.I.Cuza. Univ. 45, 2, 241-246. 


[6] J. O. Adeniran (2004), On some maps of conjugacy closed loops, Scientific Annals of 
Al.I.Cuza. Univ. 50, 2, 267-272. 


[7] R. Artzy (1955), On loops with special property, Proc. Amer. Math. Soc. 6, 448-453. 


[8] R. Artzy (1959), On Automorphic-Inverse Properties in Loops, Proc. Amer. Math. Soc. 
10,4, 588-591. 


[9] R. Artzy (1978), Inverse-Cycles in Weak-Inverse Loops, Proc. Amer. Math. Soc. 68, 2, 
132-134. 


111 


[10] 


[11] 


12 


13 


14 


[15] 


[16] 


[17] 


[18] 


[19] 


[20] 


[21] 


R. Artzy (1963), Isotopy and Parastrophy of Quasigroups, Proc. Amer. Math. Soc. 14, 
3, 429-431. 


R. Artzy (1959), Crossed inverse and related loops, Trans. Amer. Math. Soc. 91, 3, 
480-492. 


A. S. Basarab (1967), A class of WIP-loops, Mat. Issled. 2(2), 3-24. 


A. S. Basarab(1970), Isotopy of WIP loops, Mat. Issled. 5, 2(16), 3-12. 


A. S. Basarab (1973), The Osborn loop, Studies in the theory of quasigroups and loops, 
193. Shtiintsa, Kishinev, 12-18. 


A. S. Basarab and A. I. Belioglo (1979), Universal automorphic inverse G-loops, Quasi- 


groups and loops, Mat. Issled. 71, 3-7. 


A. S. Basarab and A. I. Belioglo (1979), UAI Osborn loops, Quasigroups and loops, 
Mat. Issled. 51, 8-16. 


V. D. Belousov (1965), Systems of quasigroups with generalised identities, Usp. Mat. 
Nauk. 20, 1(121), 75-146. 


V. D. Belousov (1969), Crossed inverse quasigroups(ClI-quasigroups), Izv. Vyss. Ucebn; 


Zaved. Matematika 82, 21-27. 


R. H. Bruck (1944), Contributions to the theory of loops, Trans. Amer. Soc. 55, 245-354. 


R. H. Bruck (1944), Some results in the theory of quasigroups, Trans. Amer. Math. Soc. 
50, 19-52. 


R. H. Bruck (1966), A survey of binary systems, Springer-Verlag, Berlin-Gottingen- 
Heidelberg, 185pp. 


112 


[22| 


[23] 


[26] 


[27] 


[28] 


[29] 


[31] 


[32] 


R. H. Bruck and L. J. Paige (1956), Loops whose inner mappings are automorphisms, 
The annuals of Mathematics, 63, 2, 308-323. 


B. F. Bryant and H. Schneider (1966), Principal loop-isotopes of quasigroups, Canad. J. 
Math. 18, 120-125. 


R. E. Cawagas (2000), Generation of NAFIL loops of small order, Quasigroups and 
Related Systems, 7, 1-5. 


O. Chein, H. O. Pflugfelder and J. D. H. Smith (1990), Quasigroups and Loops : Theory 


and Applications, Heldermann Verlag, 568pp. 


V. O. Chiboka and A. R. T. Solarin (1991), Holomorphs of conjugacy closed loops, 
Scientific Annals of Al.I.Cuza. Univ. 37, 3, 277-284. 


V. O. Chiboka and A. R. T. Solarin (1993), Autotopism characterization of G-loops, 
Scientific Annals of Al.I.Cuza. Univ. 39, 1, 19-26. 


V. O. Chiboka (1996), The Bryant-Schneider group of an extra loop, Collection of Sci- 


entific papers of the Faculty of Science, Kragujevac, 18, 9-20. 


J. Dene and A. D. Keedwell (1974), Latin squares and their applications, the English 


University press Lts, 549pp. 


J. Duplak (2000), A parastrophic equivalence in quasigroups, Quasigroups and Related 


Systems 7, 7-14. 


E. Falconer (1969), Quasigroup identities invariant under isotopy, Ph.D thesis, Emory 


University. 


E. Falconer (1970), Isotopy invariants in quasigroups, Trans. Amer. Math. Soc. 151, 2, 
511-526. 


113 


33 


34 


35 


[36] 


[37] 


[38] 


[39] 


[40] 


[41] 


[42] 


[43] 


F. Fenyves (1968), Extra loops I, Publ. Math. Debrecen, 15, 235-238. 


F. Fenyves (1969), Extra loops IT, Publ. Math. Debrecen, 16, 187-192. 


R. A. Fisher and F. Yates (1934), The 6 x 6 Latin squares, Proc. Camb. Philos. Soc. 
30, 429-507. 


T. Foguel (2000), Groups, transversals, and loops, Comment. Math. Carolinae 41,2, 
261-269. 


E. G. Goodaire, E. Jespers and C. P. Milies (1996), Alternative Loop Rings, NHMS(184), 


Elsevier, 387pp. 


E. G. Goodaire and D. A. Robinson (1982), A class of loops which are isomorphic to 


all loop isotopes, Can. J. Math. 34, 662-672. 


E. G. Goodaire and D. A. Robinson (1990), Some special conjugacy closed loops, Canad. 
Math. Bull. 33, 73-78. 


E. D. Huthnance Jr.(1968), A theory of generalised Moufang loops, Ph.D. thesis, Uni- 


versity of Wisconsin, Madison, Wisconsin. 


T. G. Jafyéola (2006), An holomorphic study of the Smarandache concept in loops, 


Scientia Magna Journal, 2, 1, 1-8. 


T. G. Jatyéola (2006), Parastrophic invariance of Smarandache quasigroups, Scientia 


Magna Journal, 2, 3, 48-53. 


T. G. Jafyéolé (2006), On the universality of some Smarandache loops of Bol-Moufang 


type, Scientia Magna Journal, 2, 4, 45-48. 


114 


[44] 


[45] 


[46] 


[47] 


[49] 


[50] 


[51] 


[52] 


[53] 


T. G. Jafyéola (2008), Smarandache isotopy theory of Smarandache: quasigroups and 
loops, Proceedings of the 4" International Conference on Number Theory and Smaran- 


dache Problems, Scientia Magna Journal, Vol. 4, No. 1, 168-177. 


T. G. Jafyéola (2005), An isotopic study of properties of central loops, M.Sc. Disserta- 


tion, University of Agriculture, Abeokuta. 


T. G. Jafyéola (2008), A Pair Of Smarandachely Isotopic Quasigroups And Loops Of 


The Same Variety, International Journal of Mathematical Combinatorics, Vol. 1, 36-44. 


T. G. Jaiyéola (2008), On Smarandache Bryant Schneider Group Of A Smarandache 


Loop, International Journal of Mathematical Combinatorics, Vol. 2, 51-63. 


T. G. Jafyéola (2008), A Double Cryptography Using The Smarandache Keedwell Cross 
Inverse Quasigroup, International Journal of Mathematical Combinatorics, Vol. 3, to 


appear. 


T. G. Jafyéola (2008), An Holomorphic Study Of Smarandache Automorphic and Cross 
Inverse Property Loops, Proceedings of the 4*" International Conference on Number 


Theory and Smarandache Problems, Scientia Magna Journal. Vol. 4, No. 1, 102-108. 


T. G. Jafyéola and J. O. Adéniran (2009), On isotopic characterization of central loops, 


Creative Mathematics and Informatics, to appear. 


A. D. Keedwell (1999), Crossed-inverse quasigroups with long inverse cycles and appli- 


cations to cryptography, Australas. J. Combin. 20, 241-250. 


A. D. Keedwell and V. A. Shcherbacov (2002), On m-inverse loops and quasigroups with 


a long inverse cycle, Australas. J. Combin. 26, 99-119. 


A. D. Keedwell and V. A. Shcherbacov (2003), Construction and properties of (r,s, t)- 


inverse quasigroups I, Discrete Math. 266, 275-291. 


115 


[54] 


[55 


oe, 


[56 


[iinet 


[57 


uo 


[58) 


[59] 


[60] 


[61] 


[62] 


[63) 


[64] 


A. D. Keedwell and V. A. Shcherbacov, Construction and properties of (r, s,t)-inverse 


quasigroups IT, Discrete Math. 288 (2004), 61-71. 


Kepka T., Kinyon M. K. and Phillips J. D. (2007), The structure of F-quasigroups, J. 
Alg., 317, 435-461. 


Kepka T., Kinyon M. K. and Phillips J. D. , F-quasigroups and generalised modules, 


Commentationes Mathematicae Universitatis Carolinae, to appear. 


Kepka T., Kinyon M. K. and Phillips J. D., F-quasigroups isotopic to groups, Interna- 


tional Journal of Algebra and Computation, accepted. 


M. K. Kinyon, K. Kunen and J. D. Phillips (2004), Diassociativity in conjugacy closed 
loops, Comm. Alg. 32, 767-786. 


M. K. Kinyon, K. Kunen (2006), Power-associative conjugacy closed loops, J. Alg. 
304(2), 679-711. 


K. Kunen (1996), Quasigroups, Loops and Associative Laws, J. Alg.185, 194-204. 


K. Kunen (2000), The structure of conjugacy closed loops, Trans. Amer. Math. Soc. 352, 
2889-2911. 


M. K. Kinyon, K. Kunen (2004), The structure of extra loops, Quasigroups and Related 
Systems 12, 39-60. 


M. K. Kinyon (2005), A survey of Osborn loops, Milehigh conference on loops, quasi- 


groups and non-associative systems, University of Denver, Denver, Colorado. 


M. K. Kinyon, J. D. Phillips and P. Vojtéchovsky (2005), Loops of Bol-Moufang type 
with a subgroup of index two, Bul. Acad. Stiinte Repub. Mold. Mat. 3(49), 71-87. 


116 


[65] 


[66] 


70 


fai 


ie: 


[74] 


[75] 


[76] 


C. C. Lindner and D. Steedleyl (1975), On the number of conjugates of a quasigroup, 


Journal Algebra Universalis, 5, 1, 191-196 . 


B. D. McKay, A. Meynert and W. Myrvold (2007), Small latin squares, quasigroups and 


loops, Journal of Combinatorial Designs, 15, 2, 98-119. 


A. S. Muktibodh (2005), Smarandache quasigroups rings, Scientia Magna Journal, 1, 2, 
139-144. 


A. 8S. Muktibodh (2006), Smarandache Quasigroups, Scientia Magna Journal, 2, 1, 13— 


1, 


P. T. Nagy and K. Strambach (1994), Loops as invariant sections in groups, and their 
geometry, Canad. J. Math. 46, 5, 1027-1056. 


J. M. Osborn (1961), Loops with the weak inverse property, Pac. J. Math. 10, 295-304. 
Y. T. Oyebo and J. O. Adeniran, An holomorphic study of Central loops, Pre-print. 


H. O. Pflugfelder (1990), Quasigroups and Loops : Introduction, Sigma series in Pure 


Math. 7, Heldermann Verlag, Berlin, 147pp. 


J. D. Phillips and P. Vojtéchovsky (2005), The varieties of loops of Bol-Moufang type, 
Alg. Univer. 3(54), 259-383.. 


J. D. Phillips and P. Vojtéchovsky (2005), The varieties of quasigroups of Bol-Moufang 


type : An equational approach, J. Alg. 293, 17-33. 


D. A. Robinson (1964), Bol loops, Ph. D thesis, University of Wisconsin, Madison, 


Wisconsin. 


D. A. Robinson (1971), Holomorphic theory of extra loops, Publ. Math. Debrecen 18, 
59-64 


117 


[77] 


[78] 


[79] 


[80] 


[81] 


[82] 


[83) 


[84] 


[85] 


[86] 


[87] 


D. A. Robinson (1980), The Bryant-Schneider group of a loop, Extract Des Ann. De la 


Sociiét 6 Sci. De Brucellaes, Tome 94, II-II, 69-81. 


A. Sade (1959), Quasigroupes parastrophiques, Math. Nachr. 20, 73-106. 


K. Shahbazpour (2005), On identities of isotopy closure of variety of groups, Milehigh 
conference on loops, quasigroups and non-associative systems, University of Denver, 


Denver, Colorado. 


K. K. Shchukin and V. V. Gushan (2004), A representation of parastrophs of loops and 


quasigroups, Journal Discrete Mathematics and Applications, 14, 5, 535-542. 


F. N. Sokhatskii (1995), On isotopes of groups I, Journal Ukrainian Mathematical Jour- 
nal, 47, 10, 1585-1598. 


F. N. Sokhatskii (1995), On isotopes of groups I, Journal Ukrainian Mathematical 
Journal, 47, 12, 1935-1948. 


S. K. Stein (1956), Foundation of quasigroups, Proc. Nat. Acad. Sci. 42, 545-545. 


S. K. Stein (1957), On the foundation of quasigroups, Trans. Amer. Math. Soc. 85, 


228-256. 


P. N. Syrbu (1996), On loops with universal elasticity, Quasigroups and Related Systems, 
3, 41-54. 


W. B. Vasantha Kandasamy (2002), Smarandache loops, Department of Mathematics, 


Indian Institute of Technology, Madras, India, 128pp. 


W. B. Vasantha Kandasamy (2002), Smarandache Loops, Smarandache Notions Journal, 
13, 252-258. 


118 


[88] 


[89] 


[93] 


[94] 


W. B. Vasantha Kandasamy (2002), Groupoids and Smarandache Groupoids, American 
Research Press Rehoboth, 114pp. 


W. B. Vasantha Kandasamy (2002), Smarandache Semigroups, American Research 
Press Rehoboth, 94pp. 


W. B. Vasantha Kandasamy (2002), Smarandache Semirings, Semifields, And Semivec- 


tor Spaces, American Research Press Rehoboth, 121pp. 


W. B. Vasantha Kandasamy (2003), Linear Algebra And Smarandache Linear Algebra, 


American Research Press, 174pp. 


W. B. Vasantha Kandasamy (2003), Bialgebraic Structures And Smarandache Bialge- 


braic Structures, American Research Press Rehoboth, 271pp. 


W. B. Vasantha Kandasamy and F. Smarandache (2005), N-Algebraic Structures And 


Smarandache N-Algebraic Structures, Hexis Phoenix, Arizona, 174pp. 


W. B. Vasantha Kandasamy (2005), Smarandache groupoids, Scientia Magna Journal, 
1, 2, 27-35. 


119 


Index 


A- automorphism group, 24, 25 
loop, 40, 44 autotopism, 18, 19, 27, 33, 64, 67, 71 

A-loop, 27 group, 18 
A-loops, 6, 21, 23, 26 

Bol, 42, 56 
abelian group, 38, 46 

loop, 65, 74 

adjugates, 51, 53 

Bol loop, 26 


alternative loops, 21, 23, 26 
Bol loops, 17, 20, 21, 23, 26 
alternative property, 9, 11 
Bol- 
loop, 11 
loop, 40 
quasigroup, 9 
Moufang, 56 
anti-automorphic inverse 
Bol-Moufang, 11, 12 
property, 8 
Bruck loops, 21, 23, 26 
anti-automorphic inverse property 
Bryant-Schneider group, 20 
loop, 8 
Burn loops, 21, 23, 26 
associative, 55 


associator, 4, 5 C- 
automorphic inverse loop, 40 
property, 8 CC- 
automorphic inverse property loop, 40, 72 
loop, 8, 37 loops, 41 
automorphism, 18 CC-loop, 14, 27 
group, 6, 18 CC-loops, 18, 20, 21, 23, 26 


120 


center, 3-5 
central 

identity, 13 
central holomorph, 27 
central loop, 27 
central loops, 17, 21, 23, 26 
Central- 

holomorph, 44, 45 
central- 

loop, 43 
central-holomorph, 25, 26 
centrum, 3-5 
centrum-holomorph, 25, 26 
characteristic subloop, 32 
commutator, 4, 5 
companion, 18 
conjugacy closed loop, 14 
conjugacy closed loops, 18, 21, 23, 26 
conjugates, 51 
cross inverse 

property, 8 
cross inverse property 

loop, 8 

quasigroups, 47 


cryptography, 9, 46 


deciphere, 50 


diassociative 


loop, 11 


elastic 
loop, 11 
elasticity property, 11 
enciphere, 49 
extra, 56 
identity, 13 
loop, 13 
extra loop, 27 
extra loops, 17, 18, 20, 21, 23, 26 
extra- 


loop, 43 


flexible, 11, 39 


G. 
loop, 40 
loops, 41 
G-loops, 18, 21, 23, 26 
G-Smarandache 
loop, 80 
groupoid, 1-5, 14, 21 
GS- 
loop, 80, 90, 91, 109 


holomorph, 24-26, 31, 32, 35, 36 


homogeneous loops, 21, 23, 26 


121 


index, 92 Kikkawa loops, 21, 23, 26 
inner left 


mapping, 5 A-loop, 6 


mapping group, 5 alternative property, 9, 11 


inner mapping Bol identity, 13 


group, 5 central identity, 13 


invariant . 
inverse element, 6 


property, 62 inverse property, 6 


inverse : 
inverse property loop, 7 


mappings, 2-5 inverse property quasigroup, 6 


quasigroups, 47 multiplication group, 5, 20 


inverse property nucleus. 3-5 


loop, 37, 74, 77 pseudo-automorphism, 18 


loops, 21, 23, 26 pseudo-automorphism group, 18 


quasigroup, 7 Smarandache nucleus, 26 


isomorphism, 19 left alternative property 
isomorphy classes, 82, 88 loop, 11 

isotope, 7 quasigroup, 9 
isotopes, 14 left inner 

isotopic invariance, 17 mapping, 5 


isotopism, 14, 27, 33 left inner mapping 


isotopy classes, 82, 88 


group, 9 
isotopy-isomorphy, 17, 19 cece 
K-loops, 21, 23, 26 isotope, 7 
Khalil Vamne a 

conditions, 56 aiddle 


122 


A-loop, 6 
multiplication group, 20 
nucleus, 3-5 
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